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T uis number of Power, unusual in content, invites comment. In it you will find 


five plant articles of extraordinary interest and nine practical articles on piping. 
Horizons plus brass tacks! 


@ First the horizons: Those engineers who look ahead, if only for the next four- 
teen pages of this number, will see that at least three of America’s leading indus- 
trials are getting ready, or are now ready, to generate more power at lower cost. 
They will see and respect the names of Ford, Firestone, West Virginia Pulp & 
Paper, long associated with progressive management, and now with expanding 
modernized high-pressure steam plants. 


® They will list these leaders among those who refuse to burden their manufactur- 
ing costs and net profits with any share of America’s annual three-quarter-billion- 
dollar waste in the generation and application of industrial power. 


@in the utility field they will see that Detroit Edison, long noted for level- 
headed progressiveness, has completely modernized its great Connors Creek station. 


® In probably the first story of its operation to be published anywhere, they will learn 
how Copenhagen, Denmark, has harnessed the world’s largest diesel engine to a 


great steam plant for an economy not possible there with either steam or diesel 
alone. 


® Here then are the first real engineering stories on five great power events of to- 
day—new horizons, sign posts to the immediate economic future of power generation. 
These are essential background information for every power engineer, in every 
kind of plant, large or small. 


® But how about the every-day job of the average power engineer? How about 
brass-tack practical information that can be immediately applied in small and 
medium-sized plants and by those whose interests spread out from steam to all the 
power services? Plenty! 


® Practical articles on heating and air conditioning, and with them a real piping 
handbook in 13 pages, the boiled-down fundamentals—9 articles covering each 
phase from layout right on through to maintenance. All these are based on first- 
hand information from the source. from those who are doing today’s best practical 
work in the field of power piping. This section 1s written to be used by the men 
: who have to make things run. 
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Top—New 10,000-kw. turbine-gen- 
erator exhausting to process-steam 
evaporators 


Above—The bunker for the 300,000- 
Ib. per hr. boiler 


Right—Boiler feed pumps 
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FIRESTONE 


By William K. Adkins 


Power Engineer, Iirestone Tire & Rubber Co. 


300,000-lb.-per-hr. high-pressure 

boiler and 10,000-kw. turbine ex- 

hausting to process-steam evapo- 
rators installed 

















GOES TO 1,400 


_— Tire & Rubber Company, Akron, 
Ohio, is soon to put into operation a 1,400-Ib. boiler 
and a 10,000-kw. back-pressure turbine exhausting to 
evaporators supplying process steam. We needed more 
power, and chose to produce it by installing new equip- 
ment (rather than rehabilitating the old) because it 
returned more on our investment and because of the 
age and condition of the units we had. Of total steam 
produced for Firestone’s Akron plants, about half was 
used for process and half for power generation and 
auxiliaries with the condensing plant. Here was an 
ideal set-up for a back-pressure turbine, and our studies 
showed 1,400-Ib. boiler pressure as best for our particu- 
lar needs. 

The boiler, a cross-drum, sectional-header type, in- 
corporates a number of features. To X-ray the welds 
in the 4-in. thick main drum, largest ever produced by 
fusion welding, a new technique had to be developed, 
for the first X-ray pictures were only blanks. An ap- 
paratus called the “Bucky” gave the answer, perfect 
pictures, even though exposure time was still two hours 
per picture. A specially designed furnace also had to 
be built for stress-relieving. 

Instead of the usual single drum for boilers of this 
type, two were used, the additional lower drum increas- 
ing reserve water storage from 1.34 min. to 2.7 min. at 
full-load operation. The furnace is completely sur- 
rounded by water walls backed with 24 to 3 in. of in- 
sulating brick, then 3 in. of rock wool, inside the 10- 
gage steel casing. For each water wall there are two 
top headers, one above the other, into which alternate 
tubes are rolled. The top headers for the side walls are 


wives  % 


LB. AT AKRON 


supported by steel beams, independent of the rest of 
the boiler and the lower headers are hung on the water- 
wall tubes. This permits free downward expansion of 
the side walls. All four walls and furnace bottom are 
fed from a separate header at the bottom of the furnace 
and supplied by downcomers connected to the rear 
boiler headers. 

The 8,110-sq.ft. economizer is of integral-loop con- 
struction with horizontal tubes. Gas passage is down- 
ward through the economizer, water flow upward 
through the tubes to the main drum, entering at two 
points. From the points of entry, the water is dis- 
tributed along the full length of the drum so that it 
flows over steam-washing screens. Water enters the 
economizer at 380 deg. and leaves at 472 deg., cooling 
the gas from 1,020 deg. to 680. 

Built of 12-gage copperoid vertical steel plates (elec- 
trically welded and arranged for counterflow), the 
23,100-sq.ft. (total plate area) air preheater lowers 
gas temperature from 680 to 410 deg. and heats 100- 
deg. air to 440 deg. 

Induced-draft fan (183,000 c.f.m.), forced-draft fan 
(103,000 c.f.m.) and primary air fan (21,000 c.f.m.) 
are driven by constant-speed motors and have damper 
regulation. Since the unit is designed for base-load 
operation, we expect the constant-speed drives to be 
entirely satisfactory. 

A cowl was installed at the point where the uptake 
from the induced-draft fan enters the breeching. This 
will make it possible to operate the boiler in conjunc- 
tion with natural-draft boilers served by the same stack. 

Powdered coal is supplied to the new boiler from 
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Heat balance for initial operation of the high- 


pressure boiler 


the 10-year-old preparation plant. Duplex feeders take 
their supply from a 90-ton pulverized-coal bunker and 
feed the coal into the four corners of the square fur- 
nace near the bottom. Each corner has two feed supply 
lines, one to each burner, through which primary air 
at 444 deg. delivers the coal. Secondary air enters the 
furnace around the burners and at the same tempera- 
ture as the primary air, since both are supplied from 
the forced-draft fan through the air heater. 

The furnace bottom is of fin-tube construction and 
mounted on beams strong enough to carry the slag 
A refractory was applied to fill the small open- 
ings for initial operation, but in regular operation the 
fin tubes will chill the slag so that it forms its own 


load. 


seal. Slag-handling equipment passes the slag through 
the disintegrating chamber to the dewatering tank. 

Steam is supplied to the non-condensing turbine at 
i,250 lb. and 750 deg. F., and exhausts to the evapo- 
rator at 235 lb. and 21 deg. superheat. A back-pressure 
governor with an operating range of 220 to 265 Ib., 
makes it possible to increase turbine output by reducing 
back pressure or to increase process steam generated in 
the evaporators by increasing back pressure. 

When supplied with 300,000 Ib. of steam per hr. 
under these conditions, the turbine-generator will pro- 


duce 10,870 kw. The generator is designed for 80 per 
cent p.f., 3 phase, 60 cycles, 11,000 volts, 3,600 r.p.m., 


with direct-connected exciter. Steam rate at 10,000 kw. 
is 28 Ib., 61 B.t.u. per kw.-hr. 

Both the main generator and the exciter are totally 
enclosed and are served by the twin air cooler designed 
To safeguard the turbine 
from oil fires, oil lines near high temperatures are en- 


) 


or 3.7 


to operate on 85-deg. water. 


closed in larger lines which conduct any leakage in the 
hot zone away from the danger point. 

A reducing and desuperheating station is installed 
in a by-pass line around the turbine, so that the boiler 
can deliver full steam capacity to evaporators for dis- 





tribution to the factory, if the turbine is out of service. 

Five evaporators, when operating in parallel and 
supplied with 269,000 lb. of dry saturated steam per 
hr, at 235 Ib. gage, will produce continuously 260,900 
lb. per hr. of vapor at 180 lb. gage from 375-deg. feed- 
water. This performance is based on feedwater con- 
taining not more than 22 gr. per U. S. gal. total im- 


PRINCIPAL EQUIPMENT IN POWER PLANT 
Firestone Tire & Rubber Company 


inclined-straight-tube, cross-drum, sectional- 
header ; heating surface, sq.ft.: boiler 11, 793 front 
and rear walls, 1,697 each, side walls 3, 664 total, 
bottom 526. Normal steaming capacity, ib. per hr. 
300,000; gage pressure 1,400 lb. per sq. in., total 
temperature 760 deg. F. Steam drum, 54 in. dia., 
23 ft. long, 4 in. thick, has steam washer. Aux. 
water-storage drum 36 in. dia., 23 ft. long, 2}§ in. 
shell. Drums Class 1 welded. Furnace, volume 
14,500 cu.ft., flat-bottom slagtap; heat release per 
hour at full load, per cu.ft. of furnace volume, 
PEMD ESL ws eras bcs aoe Combustion Engineering 
Superheater, Elesco, single-pass, multiple-loop, inter- 
deck, 1g-in. O.D. seamless tubes; heating surface 
4, 000 <8 2 A eae SRV ee ere altuna oie Superheater 
Economizer, integral- loop, 2-in. O.D. fin tubes; heating 
surface, 8,110 sq:ft........ Combustion Engineering 
Air heater, vertical- plate; plate area 23,100 sq.ft., 
Combustion Engineering Co. 
Pulverized-coal burners, four, 6-in. duplex Lopulco, 
tangential type, pulverized-coal feeders driven by 
adjustable-speed motors...Combustion Engineering Co. 
Duct work and boiler heat insulation, 


Boiler, 


Combustion Engineering Co. 
SEMANA NONE = |. nn os 50 oe a Os soe eee ee © Burger Iron Co. 
Ash disposal, Hydrojet . «6.666. c0sd Allen-Sherman-Hoff Co. 
Sg PATTY SS Se ee ee ee ee Lore mee Grinnell Co. 
Automatic combustion control.............e8. Hagan Corp. 
Heat insulation for piping, heat exchanger and evap., 
Keasbey & Mattison Co. 
SOTeCLY. WAIVES. «soc esses Crosby Steam Gage & Valve Co. 
CACTUS RE OT Se ae eh eee ee ae ae rege ere Cochrane Corp. 
NON-TEUUTN VAIVES: <.s.s0 bce ssccwssceccas Wm. Powell Co. 
Stop and check valves in feed lines. Edwards Valve & Mfg. Co. 
High and medium pressure valves......... Wm. Powell Co. 
Reducing valves and desuperheater......... Swartwout Co. 
PIRGUWWATOr TPGERUIATON i... 6s sco s ose oe ac aa es Swartwout Co. 
Excess-pressure regulator ............e.ee0.% Swartwout Co. 
OL UD WRIE «ax << sess ss Diamond Power Specialty Co. 
Water Columns .......6..-. Diamond Power Specialty Co. 
ESC LEU TOA Re ee nr ee cs ee einer Bailey Meter Co. 


Boiler-water-level recorder Bailey Meter Co. 


Pressure and temperature recorder...... Bailey Meter Co. 
OTM PABRED SS in to '6 Saris os os sw eras Bb ws ew ae Bailey Meter Co. 
Flue-gas temperature recorder ........ Leeds & Northrup 


. Consolidated-Ashcroft-Hancock 
Co., Crosby Steam Gage & Valve Co. 
Evaporators: 5 single-effect coil-type, effec. surf. 4,320 
sq.ft., each; coil press, 235 lb.; shell press. 190 Ib. ; 
makes process steam with turbine exhaust. Capac- 
ity (each) 52,200 lb. per hr., 190 lb. press., 
Foster Wheeler Corp. 


Indicating pressure gages 


Evaporator feedwater heater, capacity 289,500 lb. per 
hr. from 291 to 375 deg. ree Foster Wheeler Corp. 
Evaporator-drip cooler, capacity 310,000 lb. per hr. 
from 400 to 370 deg. Me eue eee Foster Wheeler Corp. 


10,000 lb. per hr. 
Foster Wheeler Corp. 

Rei N ais RENNER. x ls shy ire ts w ete emia she Hedges Walsh Weidner Co. 
Distilled-water tank .....6.85 2000. Biggs Boiler Works Co. 
Deaerating heater, 400,000 Ib. per hr. Elliott Co. 
Make-up pumps, two single-stage, 50- -g.p.m., "380 deg. 

Se ARERR CRON GS Mc 5 is sp ho is ee es SL Ingersoll- Rand Co. 
Driven by 20-hp. Allis-Chalmers motors 
Boiler-feed pumps, two, 7-stage, 850-g.p.m., 370 deg. F., 

head 3,604 ft., 8,550 r.pm. ........Ingersoll-Rand Co. 
Driven by 1,000-hp. steam turbines. Terry wee Turbine Co. 
Feed-pump governors -Swartwout Co. 


Makeup condenser; capacity 


Primary-air fan, 21,000 ec.f.m. at “440 “deg oe. ap) 4m; 
water, 1,160 r.p.2., 200 RD. ... .<...40 Buffalo Forge Co. 

Forced-draft fan, 103,000 ¢c.f.m. at 100 deg. F., 10 in. 
water, 1,760 Tipm., 2560 TD. 2.6 0%..< 60s Buffalo Forge Co. 

Induced-draft fan, 183,000 c.f.m., at 410 deg. F., 11.5 in. 
water, 865: £.2.1:,. 500 HD... 24 ssc 3uffalo Forge Co. 

All fans driven at constant speed by Westinghouse 
2,300-volt motors 

Turbine-generator, one, 10,000 kw., 0.8 p.f., 3 phase, 60 


.General Electric Co. 
750 deg. F., back pressure 
superheat. Water rates: 


cycles, 11,000 volts, 3,600 r.p.m... 
Steam conditions 1,250 Ib., 
235 lb. g., 20 per cent 


Superheat 
Load B.t.u. in Exhaust, 
Kw. Lb. of Steam Exhaust Deg. F. 
1,000 36.95 1,241.9 63 
7,000 30.45 1,224.5 36 
10,000 28.00 1,215.2 21 
10,870 27.60 1,213.8 19 
Back-pressure governor ........-.cee0e General Electric Co. 
Relief valve in turbine exhaust, 
Crosby Steam Gage & Valve Co. 
Generator alr COOLS... 66606 sees se yeneral Electric Co. 
ROPES UMMONINIS, oo sG 6p 5b Sm Bose a Roe eA Saas Andale Co. 
Bsiilary Oil DWM soon cass wee esas General Electric Co. 
ue Uy Ue eee ae eee Allis-Chalmers Mfg. Co. 
SOON AUERUUDRDRIEUEG 55 sey n25 105594 410 4s we wine leas oe General Electric Co. 
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purities and with a maximum concentration in the 
shells not exceeding 250 gr. per U. S. gal. This con- 
centration will be maintained by the use of a contin- 
uous blow-down system which salvages the flash steam 
at 2 lb. pressure and heat of liquid above 100 deg. F. 

The evaporators are each 9 ft. in diameter by 28 ft. 
83 in. long. Their welded shells (A.S.M.E. Class I) 
are of 14 in. plate with one integrally welded formed- 
steel head and one flanged removable formed-steel 
head. Welds in these shells were also X-rayed and 
stress-relieved. Each evaporator unit has 4,320 sq.ft. of 
effective coil surface made up of 1-in. O.D. No. 16 
B.W.G. arsenical copper tubes assembled in the top 
and bottom headers with Parker fittings. 

The evaporator drip cooler consists of a floating- 
head, removable-bundle multipass heat exchanger, and 
is interposed between the surge tank and the boiler 
feed-pump suction. This exchanger lowers the tempera- 
ture of evaporator drips and thereby lessens the possi- 
bility of flashing at the boiler feed pumps. 

Of the same construction as the evaporator drip 
cooler, the make-up condenser supplies condensate to 
replace any loss from the high-pressure system. 

The evaporator feed heater is a horizontal, floating- 
head, removable-bundle unit of the multipass design. 
Both fixed- and floating-head water boxes have lock- 
head quick-removable covers. This exchanger further 
heats the feedwater before it enters the evaporators. 

The evaporator and heat-exchanger system is de- 
signed to receive 300,000 Ib. of exhaust steam per hr. 
from the high-back-pressure turbines, this steam being 
condensed in the coils and repumped to the boiler, thus 
practically eliminating any make-up for the 1,400-lb. 
boiler. We believe that this system assures maximum 
protection and reliability for 
this type of equipment. 

A water-softening system 
could have been purchased 
for a lower capital invest- 
ment, but evaporators had 
these advantages: 

1. Water for a 1,400-lb. 
boiler has never been chem- 
ically softened; in this case 
if the turbine exhaust were 


over from boiler to turbine, with resultant troubles 
and outages. 

4. They avoid probability of boiler failure, high 
maintenance, and the ever-present necessity (with the 
softener system) of accurate and infallible human con- 
trol—all for the possibility of a slightly greater return 
on the investment. 

Feedwater is delivered to the boiler by two 7-stage 
turbine-driven pumps, one a spare. Each pump has a 
capacity of 850 g.p.m. when operating at full speed of 
3,550 r.p.m. The pumps handle a total head of 3,604 
ft., not including the 235 Ib. on the suction. They have 
triple-labyrinth stuffing boxes at both ends and cool- 
ing facilities to preserve the packing and reduce leak- 
age. The balancing line, which normally returns to the 
suction, has been piped to the surge tank, which allows 
some flow through the pump at shut-off. This has the 
additional advantage that the water circulating through 
the idle pump keeps it warm and ready for emergency 
SErvIce. 

The turbines are equipped with overspeed and pres- 
sure-control governors. Also a quick-opening valve is 
installed in the steam line ahead of the governor. This 
valve opens and immediately starts up the spare pump 
if the pressure in the feed line drops below a predeter- 
mined point. Water supply to the boiler is regulated 
by a drum-level controller around which a bypass is 
installed for hand regulation. When on automatic con- 
trol, only 75 Ib. in excess of drum pressure is required 
to feed the boiler properly. 

Steam supply for the boiler feed pump turbine is 
taken from the 225-lb. station header which supplies 
steam to the condensing turbine. This arrangement 
gives us maximum reliability for feed-pump operation. 





























led directly to the process 
steam lines makeup require- 
ments would have been ap- 
proximately 80 per cent. 

2. The total solids in our 
raw water supply are rather 
high, reaching a peak during 
the past year of 30 gr. per 





























U.S. gal., 20 gr. of it sodium 
chloride, and necessitating ex- 
cessive blowdowns even if 
the water could have been 
treated successfully. 

3. Evaporators minimized 
the possibility of solid carry- 












































Boiler cross-section 
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First of three 30,- 
000-kw. 600-lb. pres- 
sure turbine-gener- 


ators installed at 
Connors’ Creek 
Station 





REVAMPING CONNORS CREEK 


By Thomas Wilson 


eaters: of Connors Creek Station of Detroit 
Edison Company is in progress, the program to ex- 
tend over several years. The initial installation, con- 
sisting of one 30,000-kw. turbine-generator replacing 
a 20,000-kw, unit and one new boiler, is in operation. 
Two other 20,000-kw. units are being replaced and 
three new boilers installed. Careful estimates indicate 
that station heat rate ultimately will be reduced from 
just above 19,000 B.t.u. per kw.-hr. in the old plant 
(fully loaded) to something less than 13,000 B.t.u. in 
the rebuilt station. This 32 per cent reduction is to be 
accomplished by raising steam conditions at the turbine 
throttle from 225 Ib. and 600 deg. F. to 600 Ib. and 
825 deg. and by new double-ended bent-tube boilers 
with air preheaters and economizers, each unit evapo- 
rating 330,000 Ib. per hr. 

Specially developed underfeed stokers with an elabo- 
rate system of metered air control will burn continu- 
ously, and without smoke, 58.3 lb. of high-grade West 
Virginia or Eastern Kentucky coal per sq.ft. of pro- 
jected grate area. These changes, plus stage-heating of 
feedwater, will produce an estimated over-all plant 
thermal efficiency of 26 per cent under varying load. 

The slight efficiency advantage of an entirely new 
plant is more than offset by the lower cost of using the 
same building and much of the auxiliary equipment. 

In the turbine room it was found possible to retain 
the old condensers and their auxiliaries. Stage bleed- 


ing and increased initial pressures reduced the work for 
the condenser so that the surface available would serve 
turbines of 50 per cent greater capacity. It was even 
possible to use the old foundation, exhaust casing, 
pedestal bearings, oil base and parts of the atmospheric 
relief valves. Two larger generators, one from Con- 
nors Creek and one from Delray, will be coupled to the 
first two new turbines. 

Twenty years ago the initial installation of three 
20,000-kw. turbine-generators went into operation. 
Later two 45,000-kw. single-cylinder turbine units were 
installed. To increase reserve turbine capacity, a 
30,000-kw. unit was added in 1920, in a separate room 
at one end of the boiler house. These six units gave a 
station rated capacity of 180,000 kw. 

All six turbines were designed to operate with steam 
entering the throttle at 225 Ib. gage and 600 deg. 
Single- or 2-pass surface condensers were bolted to the 
exhaust nozzles of the turbines. Condensing surface 
ranged from 1.33 to 1.7 sq.ft. per kw. of generator 
rating. Single circulating pumps of 36,000-g.p.m. 
capacity served each of the three smaller units. For the 
three larger machines duplicate circulating pumps of 
60,000 and 30,000 g.p.m. were used. 

With the exception of three turbine-driven stand-by 
boiler-feed pumps and one general service pump, all 
auxiliaries were motor driven, d.c. units driving those 
auxiliaries essential to continuous operation. Six house 
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turbine-alternators and six synchronous-motor d.c. gen- 
erator sets were provided to supply the auxiliaries. 
House turbines, operated in synchronism with the main 
units, drove the motor-generator sets directly to give 
d.c. power independent of the main units, or could be 
connected so that power would flow to or from the 
main system according to whether the output of the 
house unit was greater or less than the load on its own 
motor-generator set. 

Interconnection of main and auxiliary power made it 
possible to adjust house turbine load so that the quan- 
tity of auxiliary exhaust steam would maintain desired 
boiler feed temperature, House turbines exhausted to 
five barometric condensers, known as heater condensers. 
Cooling water for these condensers was the condensate 
from the main surface condensers, so that the con- 
densers on the auxiliary system served as feed-water 
heaters on the main system. Hot water was discharged 
through the barometric legs into hot boiler feed tanks 
from which it was drawn by the boiler feed pumps. 

Fourteen boilers of the Stirling “W’”’ type, each 
with 23,653 sq.ft. of effective heating surface, were 
arranged in two rows lengthwise of the boiler room. 
Each furnace was fired by two 2-ram underfeed stokers 
of 13 retorts each, one on each side of the boiler. Three 
74,000-c.f.m. blowers served each pair of boilers. 


Coal-Handling 


The coal-handling system is being retained to serve 
the revamped plant. -At present, coal is received by 
boat, although it may also come by rail. Coal from the 
dock is loaded into railroad cars by a dragline scraper, 
Cars may then be discharged immediately into four 
track hoppers for crushing and delivery to the bunkers, 
or they may be emptied into the 150,000-ton storage 
yard by locomotive cranes. Yard storage capacity is 
sufficient to carry the plant during the winter when 
navigation ceases on the Great Lakes. 

From the bottom of each track hopper coal is car- 
ried by an apron conveyor to a 200-ton coal crusher. 
Four crushers deliver to vertical bucket conveyors which 
girdle the boiler room transversely. Here three sets of 
belt conveyors at right angles to the bucket conveyors 
make it possible to deliver to any desired bunker. 

From the plan view of the station the revised ar- 
rangement may be readily explained. The new plan 
ultimately calls for a generating plant of four 60,000- 
kw. and three 30,000-kw. turbine-generators. The 
three smaller machines, designated as units Nos. 8, 9 
and 10, are being installed. No. 8 is already operating ; 
the other two units of this group will be ready for serv- 
ice by the fall of 1935, The new turbines have one 
2-row and 17 single-row stages and are bled at four 
points. The generator for one unit was taken from the 
30,000-kw. unit originally placed in a special room at 
the end of the boiler house. For the second main unit, 
the generator comes from an available unit at Delray 
Station. The third 30,000-kw. generator will be new. 

The flow diagram for the new 30,000-kw. unit makes 
an interesting comparison with the steam cycle of the 
old station. Introduction of regenerative heating re- 
guired the installation of four closed heaters, two of the 
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horizontal high-pressure 4-pass condenser type with 
desuperheat zones and two low-pressure 4-pass heaters. 
Steam is bled to these heaters from the fourth, eighth, 
eleventh and fourteenth stages of the turbine. 


Condensate 


Condensate is drawn from the condenser well by 
either of two duplicate motor-driven lift pumps. These 
discharge directly to the hotwell pumps, which are 
mounted on the same shafts as the boiler-feed pumps. 
One of these combination units is motor driven, the 
other has a turbine drive, both requiring variable 
speed. Direct connection of these pumps to the con- 
denser as hot-well pumps was not considered desirable 
as their speed would have caused undue cavitation. It 
will be seen that condensate passes from the 14th- and 
1ith-stage heaters to the boiler-feed pumps, then is 
forced through the two remaining heaters to econ- 
omizers and boilers, Evaporators will provide the 
necessary make-up for Units 9 and 10. Make-up water 
for the first unit is being furnished from the evapo- 
rators in the old section. Steam will be drawn from the 
8th-stage bleeder line, and the vapor will be flashed 
into the 11th-stage heater. 

Power for auxiliaries is to be furnished by a new 
house unit consisting of a 2-cyl. cross-compound tur- 
bine geared to a 240-volt d.c. generator. During the 
summer this machine will operate full condensing. 
Condensate from the auxiliary condenser is used as the 
circulating water in the inter-and-after condenser of the 
steam-jet air ejector and is finally delivered to the main 
condenser or the storage tank. Water from the aux- 
iliary condenser or the storage tank is passed through 
the main condenser to effect complete deaeration. 

During the colder months steam will be bled from 
the high-pressure cylinder of the auxiliary turbine into 
the building heating header. Just enough steam at 10 
Ib. pressure, about 700 Ib, an hr., will pass along to 
cool the low-pressure cylinder of the turbine. This 
small amount of steam does not give enough condensate 
for proper functioning of the inter-and-after cooler of 
the steam-jet ejectors. The latter is designed for a 
15-deg. rise and requires approximately 10,000 Ib. of 
water per hr. A thermostatic element in the outlet of 
the cooler recirculates enough water from storage to 
maintain normal temperatures. 


Flow diagram for new 
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boiler is brought up to load, the damper on the left 
side is closed and the damper on the other side left 
full open, so that most of the gas flows through this 
section of the boiler. As the rating increases, the 
damper on the left side is gradually opened, causing 
more and more of the gas to flow to the left, until 
a point is reached where an even division of the gas is 
obtained between the two halves of the boiler, while 
maintaining throughout a constant steam temperature. 














In the steam-generating department of the plant, 
Boiler No. 1 is in operation, supplying the first of 
the 30,000-kw. units. Boiler No. 2 is nearly ready 
and the third and fourth units will be in commission 
by next fall, thus providing four boilers (one a spare) 
for the three 30,000-kw. machines. 

For the higher steam pressure and temperature, 
double-ended boilers of the bent-tube 6-drum type have 
been selected. The boiler proper has about 3,000 sq.ft. 
more of steam-making surface than the older boilers. 
With additional surface in the water walls and the 
economizers, preheaters that give a maximum com- 
bustion air temperature of 423 deg. F., more effective 
stokers, and operation at higher ratings, capacity per 
boiler has been increased about 150 per cent. The 
new boilers are fitted in on the same column centers 
and mounted on the same steel work, but approximately 
two stories more headroom is required for auxiliaries. 

The sectional elevation of the boiler shows that gas 
makes four passes along the tubes, and passes out 
between the drums on either side. Outlets converge 
into a central uptake rising to the top of the econ- 
omizers. From here the flow is downward through 
am economizer on either side. From the economizers 
the gas makes a 180-deg. turn to drop out the dust and 
soot into collecting hoppers, then passes upward 
through plate-type preheaters to induced-draft fan and 
stack. The forced-draft fan at the same level draws 
air heated by radiation from the boilers and forces it 
down through preheaters and ducts to the wind boxes. 

One feature of the new boiler is the compensating 
superheaters which will hold 850-deg. steam tempera- 
ture within 5 deg. plus or minus. With a clean boiler 
the station staff has maintained this close regulation 
while burning from 6,000 ta 30,000 Ib. of coal an hr. 

The right side of the V-type boiler has two super- 
heating elements, one a semi-radiant superheater in the 
first bank of tubes, the other a convection superheater 
back of the radiant element. In the left side only a 
radiant superheater has been installed. When the 
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At the point of equal division, an interlock trips wide 
open the damper on the radiant side and leaves it 
there. If the load continues to rise, the next operation 
is to close gradually as required the damper on the 
convection side. With a drop in load, operations are 
reversed, Damper operation is manual. 

Another innovation is the use of soot blowers of 
integral type in preference to revolving elements. In 
effect, sections of smaller tubes are welded onto the 
boiler tubes. On these, nozzles are properly spaced 
and directed. Quick-opening valves outside the setting 
admit steam. All valves on one side are opened at 
the same time, so that blowing can be done in one 
“puff,” rather than blowing the soot from one section 
to another, as has been common practice. With this 
construction there is no warping nor sticking, and ele- 
ments do not burn out. 

Double-ended underfeed stokers, developed from 
experience at Delray Station, serve the new boilers. 
They have 12 retorts, and the normal depth of 29 
tuyeres has been increased to 41 by using thinner 
tuyeres. The coal-burning capacity of the double 
stoker is 32,500 Ib. per hr. at normal full load. 

Experience previously obtained with metered air 
control at Beacon Street heating plant led to its use 
in these units. Briefly, the double-ended stoker is 
divided into zones carrying across the stoker, and each 
of these zones into twelve divisions in accordance with 
the number of retorts. In projection, this sectionaliz- 
ing would resemble an egg-crate division with 72 sec- 
tions, Dampered inclosures opening into the windbox 
lead to each section. All are equipped with venturi 
nozzles, so that it is possible to meter the air going to 
each section of the grate and adjust supply according 
to the metered indication. At Beacon Street, control 
was manual, but in the present installation zone control 
has been made automatic. More complete details of 
this zoned air control will be given in a later article. 

Higher pressures and temperature required new pip- 
ing for steam and water. In erecting it fusion welding 
by the d.c. metallic-arc process has been employed. 
Pipe-to-pipe welding offered no difficulties, but weld- 
ing pipe to castings, such as valve bodies, required 
expenditure of about $50,000 in research. 

After extensive investigation, the decision was made 
to weld throughout the main and auxiliary superheated 
steam piping systems operating at 650 Ib. pressure, 
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PRINCIPAL EQUIPMENT IN REVISION 


Connors Creek Station 


Boiler Room 

Boilers, 4 double-ended, bent-tube, 6-drum, 26,764 sq.tft., 
330,000 lb. normal full load 710 lb. gage pressure, 
effective bare water wall surface, 3,114 sq.ft, 
integral black surface 303 sq.ft., furnace volume 


LU) CRIME. sc a oes ows oe Combustion Engineering Co. 


Superheater, Elesco compensating type, radiant surface 
4,632 sq.ft., convection surface 6,335 sq.ft. each 


boiler, final temperature 850 deg...... Superheater Co. 


Economizer, 2 per boiler, norizontal single-pass, return- 
bend, five-tube, 17,240 sq.ft. per boiler........... 


Combustion Engineering Co. 


Air preheater, 2 per boiler, vertical counter-crossflow 
plate type, 28;980 sa.ft. Der DOPED... . 6065. c 0c ses 


Combustion Engineering Co. 


Stokers, Taylor, double-ended underfeed, 12 retorts, 
29 tuyeres, projected grate area 557 sq.ft. Coal 
capacity 32,500 lb. per hr. Stoker drive 23-15 hp., 
250-2,000-r.p.m., Westinghouse. Clinker-grinder 
drive 5-hp., 250-2,000-r.p.m. General Electric.... 


American Engineering Co. 


Foreed-draft fan, 1 per boiler, double-inlet Sirocco, 
101,000 e.f.m. at 68 deg. 15.78 in. pressure. West- 
inghouse d.c. motor drive 50-400 hp., 370-740 


WSRP AAD as sss sorta ANG IN: Wiel Suse ra ralaacevauaielaie American Blower Co. 


Induced-draft fan, 1 per boiler, double-inlet, Sirocco, 
181,000 c.f.m. at 346 deg., 15 in. pressure. West- 
inghouse d.c. motor 88-700 hp., 365-730 r.p.m..... 


American Blower Co. 


Feedwater regulators, 2 per boiler, (Copes) 


Northern Equipment Co. 
Soot blowers, integral type. .Diamond Power Specialty Corp. 


Safety valves, 3 per boiler 


Crosby Steam Gage and Valve Co. 


Blowoff valves, 4 per boiler....... J. Hopkinson & Co., Ltd. 
Water columns, 4 per boiler. Diamond Power Specialty Corp. 
REGIM SCANT VAIVES: 3. s<-6 6 <. s/scre vo 00 6% The Lunkenheimer Co. 
MEOLOT OROTREGHA 5.456 5c, 5. 34:5 wie.0-0 000 ....Cutler-Hammer, Inc. 
Coal spreader, conical type ........ Stock Engineering Co. 





Zone air control—air-loaded diaphragm controllers 


actuating hydraulic cylinders ........ A. W. Cash Co. 


Turbine Room 

Turbine-generators, three, 30,000-kw., one 2-row 
Curtiss and 17 single-row stages, 4 bleed points, 
1800-r.p.m., 600-lb. 825-deg., direct-connected gen- 
erator*, 37,500 kva., 0.8 p.f., 12,200 volts, 140-kw. 


Oxciter, 20 WOME: 5 266 skew caw e General Electric Co. 


Condensers*, three 2-pass, 27,000-sq.ft. 


Worthington Pump & Mach. Corp. 


Dry vacuum pump*, 1 per condenser, 2-stage, single- 
acting, Laidlaw-Dunn-Gordon. General Electric, 
d.c. motor, 12-40 hp., 30-100 r.p.m. 


Worthington Pump & Mach. Corp. 


Circulating pumps*, one per condenser, 42-in. volute, 
36,000-g.p.m., driven’ by General Electric d.c. 
motor 200-250 hp., 280-375 r.p.m. 


Worthington Pump & Mach. Corp. 


Oil coolers*, duplicate, vertical ...... Schutte-Koerting Co. 
Generator air coolers*, 1682 sq.ft. ....General Electric Co. 


Auxiliary turbine, 2,150-kw., cross-compound, 600 Ib. 
gage, 825 deg. High-pressure turbine, 4,996-r.p.m. 
Low-pressure turbine, 3,622 r.p.m. Generator, 2,000 


kw., 240 volts d.c., 450 r.p.m. ....General Electric Co. 


Auxiliary condenser, 2-pass, 2,200 sq.ft., welded shell 
Worthington Pump & Mach. Corp. 
Auxiliary circulating pump, 1 per condenser, 17% in. 
volute, 21 ft. head, 2,700 g.p.m., Westinghouse 4d.c. 
motor, 29) hp., 450-900 r.p.m. 
Worthington Pump & Mach. Corp. 
Auxiliary dry vacuum pump, twin-element, 2-stage, 
steam-air ejector, inter-and-after cooler 
Worthington Pump & Mach. Corp. 


Feedwater System 


Stage heaters, two horizontal high-pressure 1,000 Ib., 
302,500 lb. water per hr.; two horizontal low-pres- 
sure, 4-pass, condenser type, water pressure 200 
BUD a death Suir d cara a Vieng ema tete akira 1a cate are ae Foster Wheeler Corp. 

Storage tank, welded steel, 40,000 gal. 

Combination boiler feed and hotwell pumps; two per 
main unit, boiler feed 647 g.p.m., 1,790 ft. head: 
hotwell pumps, 608 g.p.m., 284 ft. head. Westing- 
house 4,800-volt, 3-phase, slip-ring motor, 101-505 
hp., 1,412-1,780 r.p.m. Turbine drive 550 hp., 1,780 

peer able ia csiaie eae ane cae ere cielo De Laval Steam Turbine Co. 

Lift pumps*, two per main unit, 660 g.p.m., 140-ft. 
head. General Electric d.c. motors 35 hp., 1,200 
MMPI 405. sa-S: 5 ae sean se Worthington Pump & Mach. Corp 

Heater-drain pump, one per main unit, 203 g.p.m., 440- 
ft. head. Westinghouse d.c. motor, 50 hp., 1,620- 

RT Ce eS le a eam De Laval Steam Turbine Co. 

Hot-drip pump, 200 g.p.m., 100-ft. head. Westinghouse 
d.c. motor, 900-1,800 r.p.m., 10 hp. 

Pennsylvania Pump & Compressor Co. 

Auxiliary unit hotwell pump, 65 g.p.m. 135-ft. head. 
Westinghouse d.c. motor, 73 hp., 1,750 r.p.m. 

Worthington Pump & Mach. Corp. 

Instruments 

Draft gages, special differential ............... Hays Corp 

PUTO, MHOUCUS L055 cielers ose 5c isi niena ete ee sie ae Sian ales Hays Corp. 

cea MOWMELED so. .c seesaw cdaceiceas 3Zailey Meter Co. 

Pressure BOROS) hae ees Consolidated Ashcroft-Hancock Co. 

remperature indicators and recorders. Leeds & Northrup Co. 

Electrical MNIGCCPS! 3.06 Ss warecca Weston Elect. Instrument Co. 

PACHORIGLED =. 650s 5 sais noe eee ee Electric Tachometer Co. 


*Old equipment reused. 
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850 deg. F., and the boiler feed piping system in which 
pressure is 1,000 Ib. and temperature 385 deg. In 
superheated steam piping there are no flanged joints 
between superheater outlet header and inlet end of the 
turbine stop valve. All valves except the last-named 
are welding-end type. Most welds are butt type with 
chill sleeves inside. Standard seamless steel pipe having 
0.35% max. carbon by weight is used. Valve bodies 
are special chrome-nickel steel Alloy H. 


Sectional elevation through new “VV” boiler with 
capacity to deliver 420,000 lb. of steam per hr. 
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lo MEET growing power demands on its Rouge 
plant, occasioned by the new steel mill and other re- 
quirements, Ford Motor Company is installing a sec- 
ond 110,000-kw. double-deck vertical-compound tur- 
bine-generator with the necessary auxiliaries, and an 
additional high-pressure boiler to deliver (maximum) 
900,000 Ib. of steam per hr. at 1,400 Ib. and 900 deg. 
One of the 30,000-kw. turbines of Ford design has 
been removed and three more will be dismantled ; they 
cannot complete economically with the new high-pres- 
sure units. 

Peak loads on the plant now run up to 120,000 kw., 
and the new steel mill will probably call for another 
35,000 kw. With only the first high-pressure unit to 
draw on, it has been necessary to tie in with the Edi- 
son mains with an arrangement for interchange of 
power up to 60,000 kw. 


Process Steam from Turbine 


A new 15,000-kw. non-condensing turbine unit, 
using high-pressure steam and exhausting at 250 lb. to 
process, will furnish additional power. To save con- 
densate for boiler feed, its exhaust steam will pass to 
an evaporator generating vapor at 180 lb, for steam 
hammers a mile away, and for heating and other process 
work. This unit will furnish up to 450,000 Ib. of 
steam per hr. The four old, low-pressure, pulverized- 
coal-fired boilers remaining in the Rouge plant will 
carry any additional process load. These boilers operate 
at 240 Ib., capacity 500,000 Ib. of steam per hr. each. 

Like its predecessor, the new 110,000-kw. turbine 


Fig. 1—Model of first 110,000-kw. unit at Rouge, which new machine will resemble 


WORLD’S 
LARGEST 


1,400-Lb. Plant 
(235,000 kw. with 
new unit) 
1,400-Lb. Boiler 
(900,000 lb./hr. at 
900 deg.) 
1,200-Lb. Turbine 
(110,000 kw.) 





will be the world’s largest high-pressure unit, and the 
first large unit to use 900-deg. steam. Much of the 
equipment has been ordered. Work has begun on the 
turbine foundation, and it is expected that the unit 
will be ready to operate by April, 1936. 


New 110,000-Kw. Turbine 


Except for minor changes in the boiler and the use 
of new turbine-blade material, the major changes from 
the first 110,000-kw. high pressure installation are the 
increase in steam temperature from 725 to 900 deg., 
and in boiler capacity from 700,000 Ib. per hr. to 900,- 
000. The higher steam temperature makes unnecessary 
live-steam reheaters such as are used between the high- 
and low-pressure elements of the first turbine. This 
saves much complication and expense and also gives a 
higher efficiency. Guaranteed B.t.u. per kw.-hr., not 
considering auxiliaries, are reduced from 9,675 to 
9,000 B.t.u., turbine water rates from 8.93 to 8.3 Ib, 

One reason for practically duplicating the first unit 
is its fine performance; the first machine has operated 
22,361 hr. out of a possible 30,000 hr. between July, 
1931, and last December, generating 840,000,000 
kw.-hr. in all. During this time there has been only 
one enforced shutdown to repair the admission valve. 
No major difficulty has been experienced with the 
generating unit nor with the boilers. 


World’s Largest H.P. Boiler 


For the present, one new boiler will take care of the 
turbine, but space is available for a future boiler of the 
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ADDS 125,000 KW. AT ROUGE 
By Thomas Wilson 


same size. As indicated in Fig. 2, the boiler will be 
of the 5-drum, double-ended type common to the 
Rouge plant for a number of years. From the V-shaped 
combustion chamber the gases will divide between the 
two elements, one on either side. Traversing three 
passes in each boiler element, the gases move through 
the respective economizers and air preheaters to the 
induced-draft fans at the highest level, thence to the 
stack. 

The fans will operate normally at a pressure of about 
15 in. water. Forced-draft fans on the same level will 
draw the warm air from the top of the boiler room and 
discharge it through the preheaters to the furnace wall 
ducts and the burners. Drives for these fans will be 
2-speed motors. Two blowers at a lower level will 
supply primary air carrying the fuel to the furnace. 

In the two boiler elements there will be 616 3-in. 
tubes on 7-in. spacing and 1,180 24-in. tubes on 54-in. 
spacing. The four drums having contact with the water 
will have forged cylindrical shells with pressed heads 
welded on. The two lower drums are 40 in, in diam- 
eter, 4 in. thick, 30 ft. long; two upper drums, 48 in. 
x 54 in. x 344 ft. From the two upper drums, evapora- 
tion passes to a welded steam-drum (40 in. x 344 in. x 
244 ft.) centrally located above the setting. The lower 
part of the steam-drum shell will be made of thinner 
plate than the upper portion, since the former has no 
tube holes. Heads will be welded to the drums. It is 
proposed to weld the piping throughout in preference 
to the flanged fittings used with the first unit. 


One Superheat Header 


Formerly, three superheat headers were under the 
steam drum. In the new unit, one header will be used, 
and some variation will be made in the location of the 
superheating elements. There will be two superheater 
banks on each side of the boiler, one in the first pass 
just back of the first row of tubes so as to get some 
radiant effect, and the other element back of it in the 
second pass, with a damper arranged to bypass most of 
the gases from this element in case the temperature 
should rise too high, Gas temperatures in the first 
pass should range from 2,200 to 2,300 deg. Super- 
heater surface will be proportioned to give 750-deg. 
steam. In the second pass, a gas temperature of 1,600 
deg. will raise the steam temperature to the 900-deg. 
final temperature called for in the design. 

To protect the walls of furnace and combustion zone 
to one-half the height of the boiler, fin tubes of 3-in. 
diameter inclose the fire. Water-cooled ash screens pro- 
tect the furnace bottom. Through headers outside the 
boiler walls these tubes will connect into the boiler 
circulation, so that 7,200 sq.ft. of extremely active 
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radiant surface will be added to the 30,000 sq.ft. of 
surface in the boiler. 

By moving a girder that required a curvature in the 
furnace wall of the first unit, it will be possible to bring 
the wall tubes straight up into the header and increase 
the furnace volume to nearly 30,000 cu.ft. Fuel heat 
release rate at the maximum load of 900,000 Ib. of 
steam per hr. will approximate 34,000 B.t.u. per cu.ft. 
of furnace volume. 

The furnace will be arranged to burn three fuels: 
100-B.t.u. blast-furnace gas, 550-B.t.u. coke-oven gas 


Fig. 2—Sectional elevation through the new boiler 
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and powdered coal, The gas fuels will be auxiliary and 
burned only when not needed elsewhere. Gas burners 
will be located centrally in each front wall. Twelve 
pulverized coal burners will be divided into four sets 
to provide an upright row of three burners in each of 
the four corners of the furnace below the level of the 
gas burners. As in the initial installation, they will 
point tangentially toward an imaginary circle at the 
center of the furnace to form a whirling vortex of 
flame. 

Guaranteed over-all efficiencies for the new boiler 
show an unusually flat curve over a wide range of load: 
87.7 per cent at a steam output of 400,000 Ib., 87.8 per 
cent at 600,000, 87.4 per cent at 800,000 Ib., 86.6 per 
cent at 900,000 Ib. 

Turbine-generator unit will be similar in appearance 
and design to the first high-pressure machine, with the 
blading metal modified for higher temperature. Over- 
all dimensions will be slightly larger, 66 ft. long, 24 ft. 
10 in. wide, 22 ft. 3 in. high to the top of the turbine 
control valve. Air coolers will be integral with the 
generators. 


Steeple-Compound 


The new unit will have a horizontal steeple-com- 
pound turbine with the high-pressure cylinder mounted 
above the low-pressure. Each element of the turbine 
will have a separately excited 55,000-kw. generator, 
one mounted above the other in line with their respec- 
tive turbines. The high-pressure turbine will have 12 
stages and the double-flow low-pressure element 10 
stages on each side of a central steam admission. Re- 
heaters will not be needed with the higher steam tem- 
perature, so the high-pressure cylinder of the turbine 
will exhaust (at about 86 Ib. abs.) directly into the 
low-pressure turbine. The official rating of the unit 
will be 110,000 kw. at 0.8 p.f. Three-phase 60-cycle 
current will be generated at 13,800 volts. Steam condi- 
tions at the throttle will be 1,200 lb, gage and 900 
deg. EF. 

The single-pass 73,000-sq.ft. surface condenser will 
use vertical self-priming propeller-type circulating 
pumps. 


Fig. 3—Heat balance and flow diagram for the new 
110,000-kw. unit 
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DATA ON 110,000-KW. ADDITION 
Rouge Plant, Ford Motor Co. 


(Preliminary; subject to change) 


Boiler: Double set, bent-tube, 5-drum, 30,000-sq.ft. heating 
surface; generating 900,000 lb. per hr. maximum, 
800,000 lb. normal at 1,400 lb. and 900 deg. F.; over-all 
efficiency 87.8% at 600,000 lb., 87.4% at 800,000 Ib. 

Furnace: 30,000 cu.ft., releasing (max. load) 34,000 B.t.u. 
per cu.ft.; 7,200 sq.ft. total heating surface in water 
walls and grates. 

Superheaters: Convection, 21,940 sq.ft. 

Economizers: 2 fin-tube, 26,500 sq.ft. heating surface (com- 
bined) 

Air Heaters: 2 vertical-plate counterflow, 224-element, 
86,016 sq.ft. heating surface (combined) 

Fans: 4 forced-draft, 70,000 c.f.m., each at 110 deg. and 
12-in. w.g.; 2 induced-draft, 260,000 c.f.m., each at 365 
deg. and 18-in. w.g.; 2 primary air, 50,000 c.f.m., each 
at 400 deg. and 16 in. w.g. 

Booster Pumps: Two 2,535 g.p.m., 1,770 r.p.m., 78% eff., 

1,771-ft. head, 247 deg., 1,375 b.hp., 1,500-hp. motor, 28.5 
lb. abs. suction press., 28 ft. positive gravity head, 750- 
lb. discharge press. 

Feed-Water Pumps: Two 2,800 g.p.m., 1,770 r.p.m., 75% 
eff., 2,8300-ft. head, 407 deg. F., 1,855 b.hp., 2,000-hp. 
motor, 750-lb. suct. press., 1,600-lb. disch. press. 

Deaerating Heater: One 610-cu.ft. storage, heats 1,283,280 
lb. wtr. per hr. from 171 deg. to 240; steam supply 25 
lb. abs. 

Closed Heaters: Three, surface type: One low-pressure 
heater, 3,000 sq.ft., heating 668,000 lb. per hr. from 
87 deg. to 171 with steam at 7.4 lb. abs.; one cross- 
over heater, 2,430-sq.ft., 4-pass, heating 840,000 lb. per 
hr. from 240 deg. to 310, with steam at 86 lb. abs.; one 
high-pressure heater, 2,430-sq.ft., 4-pass, heating 840,000 
lb. per hr. from 310 deg. to 395 with steam at 225 lb. 
abs. 


Turbine: Horizontal steeple—compound; high-press. cyl., 
12 stages; low-press. cyl., 10-stages, double-flow ; speed 
1,800 r.p.m.; 2 generators, each 55,000-kw., 3-phase, 
60-cycle, 13,800 volts. 


Performance: (Estimates)—Throttle steam 1,215 lb. abs. 
and 900 deg. F.; high-press. cyl. exhausts at 86 Ib. 
abs.; low-press. cyl. exhausts at 1 in. Hg.; 4-stage 
bleeding at 225, 86, 25 and 7.4 lb. abs. Throttle steam 
rate at 100,000 kw., 8.3 lb. or 9,000 B.t.u. per kw.-hr. 


Condenser: Single-pass, surface, 73,000 sq.ft. 

Circulating Pumps: Two, 54-in. vertical high flow, 18.42 ft. 
head; 58,700 g.p.m. each; 325 b.hp.; 300 r.p.m.; 84% 
eff. 


Steam air ejectors: Two double-ejecting units with two 
2-stage elements; use steam at 130 Ib. gage, 650 deg. 
F.; condense 2,500 lb. steam per hr. 

Back-pressure turbine-generator : 15,000 kw. at 0.8 p.f.; 
horizontal non-condensing, exhausting at 250 lb. gage to 
process; generator 3-phase, 60-cycle, 13,800 volts, 3,600 
r.p.m.; direct-connected exciter. 

Hotwell Pumps: Two, 10-in., 3-propeller, 200-ft. head, 2,000 
g¢.p.m.; 140 b.hp., 900 r.p.m.; 68% eff. 


Hook-Up 


As with the first unit, steam will be extracted from 
four stages of the turbine for feed heating. The accom- 
panying heat balance and flow diagram show the pro- 
posed arrangement of the cycle. The four points are: 
from the high-pressure turbine at 225 Ib. abs., from the 
cross-over connection at 86 lb. abs., two from the low- 
pressure turbine at 25 and 7.4 Ib. abs., respectively. 

Condensate from the hotwell will be forced through 
the air-ejector condenser and the low-pressure closed 
heater to the deaerating heater, At this point distilled 
water from evaporators will be introduced as make-up. 
Booster pumps will force the boiler supply through the 
cross-over and high-pressure heaters to the boiler feed 
pumps. These, in turn, will force the feed water, at 
1,600 Ib. and 406 deg., through the economizers to 
the boiler. Heater drips will be cascaded from one to 
the other in the order of the pressure, and eventually 
be pumped back into the feed-water system. 

With the completion of the present installation by 
April, 1936, the Rouge plant will have by far the 
largest station in the world operating at 1,400 lb. pres- 
sure. At that time the aggregate capacity will be 235,- 
000 kw. 
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By E. H. Barry 


Power Supervisor, 
W.Va. Pulp & Paper Co. 


West Virginia Pulp & 
Paper Co., facing  in- 
creased steam  require- 
ments at its Coving- 
ton, Va., plant, installed 
1934’s largest boiler, a 
450,000-lb.-per-hr. unit 


1] BOILER REPLACES 2 PLANTS 


Bxrons September, 1934, West Virginia Pulp & 
Paper Co. operated three power plants at its Coving- 
ton, Va., plant. These plants were interconnected with 
steam headers carrying 150-lb. and 25-lb. pressure 
steam, and with electrical lines. Two plants generated 
steam at 160 lIb.; the third, installed in 1926 and 1928, 
centains four 425-Ib. boilers, each capable of delivering 
125,000 lb. (Max.) of 650-deg. steam an hour. This 
plant contains three 5,000-kva., 400-lb. turbines, one a 
condensing unit bleeding at 25 lb., the other two ex- 
hausting at 20 Ib. and bleeding at 160 Ib, to 11,300 kw. 
of low-pressure turbines. 

In 1934, additional reserve boiler capacity was 
needed. We decided to revamp all power facilities and 
start a program of modernization which would even- 
tually increase steam pressure to 600 Ib. and concentrate 
all steam generation and power facilities in one boiler- 
house. The first step was installation of a boiler de- 
signed for 608 lb., 750 deg. and maximum steaming 
capacity of 375,000 Ib. per hr. It is the largest indus- 
trial boiler placed in operation in 1934. Later, a 7,500- 
kva. 600 Ib. turbine-generator, that has been in service 
in one of the other plants of the company will be in- 
stalled at Covington. 

Turbines now at the plant take steam at 400 Ib, and 
155 lb. pressure. Present plans contemplate alteration 
of the 400-lb. turbines so that they may operate at 600 
lb., but until these alterations are made the new boiler 
will operate at approximately 450 lb. and deliver steam 
at something less than 700 deg. final temperature. 

The 600-Ib. boiler has been placed in an addition 
to the boiler-house that housed the old 400-Ib. equip- 
ment. The building is of steel and concrete with brick 
outside walls. A concrete chimney, 225 ft. high, is at 
the top of an adjacent hill and serves all five boilers. 

The boiler went into operation in September, per- 


mitting the two other low-pressure boiler plants to be 
shut down, and steam for operating the generating 
equipment in them is supplied from the single boiler- 
house. The new boiler has generated as much as 450,- 
000 Ib. of steam per hr., and we feel that its maximum 
rating has not yet been reached. 

Coal-handling facilities of the old plant could be 
used, and the coal bunker distribution system and 
weigh larry were extended to the new unit. Coal from 
the weigh larry is discharged into a hopper above 
feeders on the operating floor which discharge to pul- 
verizers on the lower floor. There are six feeders in 
pairs, each pair feeding its own mill. Feeders are d.c 
motor driven with speed controlled by field rheostats. 
A special interlocking device between feeders and mills 
operates when the mills become overloaded. Feeders are 
first slowed down, then stopped if overload continues. 
The three duplex Atrita-type mills, each of 13,000 Ib. 
per hr. capacity, receive coal at both ends and discharge 
at the center, each delivering to a single burner. There 
are no cross-connections between mills and burners. 

Horizontally-fired turbulent-type burners are ar- 
ranged side by side in the lower portion of the front 
wall but far enough above the furnace floor to prevent 
slagging of the ash. The two outside burners are toed 
in to prevent flame impingement on side walls and 
create a higher degree of turbulence in the furnace. 
Front wall is air cooled, air being drawn in at the top 
and entering the furnace near the bottom. Auxiliary 
oil burners are provided for lighting coal burners and 
operation at low ratings. 

Except for the front wall, the furnace, which has a 
volume of 18,200 cu.ft., is water-cooled. Designed heat 
liberation is 25,150 B.t.u. per cu.ft. per hr. Because 
high-grade New River coal, low in ash content, high in 
fusion temperature, is burned, it was possible to design 
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New 600-lb. boiler in 
foreground has produced 
450,000 lb. of steam an 
hour 


Pulverizers are fed at 

both ends and discharge 

at the center each to a 
single burner 


the furnace with flat refractory bottom. Ash is removed 
by hand, while the boiler is on the line, through nine 
ash-removal doors in the lower portion of the rear and 
side walls. 

Boiler proper contains 15,600 sq.ft. of heating 
surface. It is of the three-drum, bent-tube ring-flow 
type with a fourth drum used as a dry-steam drum. 
Each drum is formed from a single steel plate with one 
arc-welded longitudinal seam. Drum heads are welded 
on. The main steam drum is 51 in. inside, 33 in. thick 
and rests on saddles. The dry steam drum is hung by 
stecl straps and the front water drum is supported by 
steel plates hung on trunnions. This permits the two 
front drums to move outward as the tubes expand. The 
mud-drum, supported by the boiler tubes, is free to 
move as required by expansion. 

The superheater, above the third row of boiler tubes, 
is of the multiple-loop type, inlet tubes being rolled 
into the dry-steam drum, and outlet ends rolled into a 
header above and outside the boiler. The superheater 
was designed for 600 Ib. operation even though it was 
expected the resulting steam temperature would be too 
high during 400 lb. operation. To prevent this a baftle 
was temporarily placed below it to shield a portion of 
its surface. This brought the steam temperature down, 
but at the expense of higher flue gas temperature and 
some loss in boiler efficiency. This baffle will be removed 
when the boiler is operated at its designed pressure, 








Furnace and boiler are steel encased and water-wall 
elements are anchored at 10-ft. intervals to preserve 
alignment. Water walls consist of 34 in. tubing set on 
43 in. centers, thus leaving only 1 in. clearance between 
elements. 

The rear water wall is fed from the bottom boiler 
drum, downcomers being embedded in tile and insula- 
tion in back of the wall and under the casing. The 
steam and water mixture is discharged into the same 
drum, There are no recirculators. 

The bottom header is partly within the furnace, 
waterwall tubes coming into it vertically. This same 
arrangement has been used for the two side walls, 
headers being refractory protected. These seamless- 
steel headers are of rectangular cross-section with walls 
nearly 2 in. thick. 

Front-wall construction is similar to back-wall con- 
struction and it is fed and delivers to the front boiler 
drum. In this case, 
downfeeders come out 
of the drum above the 
waterwall risers, conse- 
quently it was necessary 
to install a baffle plate 
in the drum to prevent 
steam from being drawn 
down into the supply 
downcomer. 

The side water walls 
are fed from the mud 
drum and_ discharge 
partly to the main steam 
drum, with another 
part going to the front 
drum, 

All circulation piping of the water walls is contained 
inside of the steel boiler casing thus giving very clear 
cut appearance to the unit. 

Flue gas leaves the boiler at the mud-drum level and 
passes to a two-pass, vertical, tubular 40,000-sq. ft. air 
preheater (directly behind boiler) which heats combus- 
tion air to 483 deg. 


Fly-Ash Removal 


From the preheater, gas passes horizontally through 
duplicate wet-type gas scrubbers, then to induced-draft 
fans. The gas scrubber is a series of vertical baffle 
plates through which gas zig-zags horizontally, imping- 
ing against wet baffle faces at an angle. Water from a 
tank above flows over the plate surfaces and carries 
fly ash down and out through a discharge line leading 
to the sewer. 

Two vane-control induced-draft fans deliver flue gas 
te a common station duct. Two vane-control forced- 
draft fans deliver combustion air through the air pre- 
heaters, thence through ducts on both sides of the 
boiler to the burners and pulverizers. Both the induced- 
and forced-draft fans have inlet-vane control and are 
driven by constant-speed motors. One fan of each type 
is capable of serving the boiler up to about 300,000 Ib. 
per hr. Above this rating all four fans are required. 

Under normal operation, flue gas from this boiler 
joins with gas from the other boilers and discharges 
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through the chimney on top of a neighboring hill. 
However, to study the gas from this particular boiler 
isolating dampers have been provided which divert the 
gas to a short stub stack. 

As a safeguard against starting auxiliaries in im- 
proper order, electrical interlocks prevent starting 
forced-draft fans, pulverizers, or coal feeds until an 
induced-draft fan has been started. The same inter- 
locks result in a shutdown of the above auxiliaries in 
case the induced-draft fans shut down unexpectedly or 
through an operating error. A pressure switch like- 
wise operates to shut down forced-draft fans, pul- 
verizers, and coal feeders, if for any cause pressure is 
developed in the uptake. 

Induced-draft fans are driven by 400-hp. motors, 
forced-draft fans by 250-hp. motors. These motors are 
designed for starting directly across the line. To avoid 
unnecessary load during starting, interlocks prevent 
starting of fans unless their inlet dampers are closed. 
Thus, the motors, in starting, have to overcome only 
inertia load of the fan impeller. 

Operation of the boiler and its auxiliaries may be 
controlled from a panel in the operating aisle at end 
of building. On this panel are stop and start push 
buttons for across-the-line starters with indicator lights 
for feeders, motors, pulverizer motors, induced- and 
forced-draft fans. Operation of these units is normally 
under automatic combustion control, the instruments 
and controls being mounted on the boiler control panel. 
Among other instruments on this panel are boiler meter, 
pressure gages, boiler water level indicators, 10-point 
temperature recorder, and 8-point draft gage. 













Boiler addition 
to Covington 
plant, West 
Virginia Pulp & | 
Paper Co., will 
eventually 
operate at 
600-lh. pressure 





Induced 
oratt fan- 
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PRINCIPAL DATA ON NEW BOILERS 
W. Va. Pulp & Paper Co., Covington Plant 


Boiler, one 4-drum, ring flow, 375,000 lb. per hr. 608 Ib. 
pressure, boiler surface 15,600 sq.ft., water walls 
6,500 sq.ft., multiple loop superheater, 4,450 sq.ft. 
725 deg. steam temperature, efficiency at 300,000 
Ib. 83.6%, furnace vol. 18,200 cu.ft., Riley Stoker Corp. 

Air eooled front wall .......6....20.cc05.--M. EE Detrich Co. 

RRCEPACCOLICS 64.66 <4 cies 0 Harbison-Walker Refractories Co. 

Air preheater tubular, 2-pass gas and air; surface 
40,000 sq.ft.; leaving temp., gas 422 deg., air 483 


Bee Neon Svas ane indi ave ens naa so we we es Riley Stoker Corp. 
Flue-gas scrubbers, 2 wet-type.......... Riley Stoker Corp. 
ASO eae On. << aia cs chace grantiach.ofh ie boss bw cia Riley Stoker Corp. 
Pulverizers, 3 duplex, 13,000 lb. per hr...Riley Stoker Corp. 
Coal binmners, S$, flare type... ..0..0- Riley Stoker Corp. 
Oil burners, 3, steam-atomizing .......... Hauck Mfg. Co. 
Automatic combustion control ....Smoot Engineering Corp. 
EUG UIUS PORN a ooce sig areie $n ee weed ak wie one Blaw Knox Co. 
CORUNUOUS DIOWEOWR 6.6 06s cca secs nv acwence Permutit Co. 
Continuous sulphuric-acid feed ............. Permutit Co. 
Peedwater remulator, 2 . 2... .66. ees cecsc Swartwout Co. 
Water columns, gage glasses, 2..Reliance Gauge Column Co. 
WOOE OW ONS cask ween aaa sees Diamond Power Specialty Co. 
gon <a: | 2) > ee a eae ee Yarnall-Waring Co. 
Safety valves.......... Consolidated Ashcroft Hancock Co. 
Steam tempering valves and thermostats ...Swartwout Co. 
INOM=POCLUTH VAIVES: sic 2s <anaas eaves ares Davis Regulator Co. 
OE RETEMOE, eo csiw 8-0 Hai a) oeaeure wae Frank M. Weaver & Co. 


Forced-draft fans, 2, single-inlet, vane control, each 
72,000 c.f.m., 14.4 in water, 250 hp. ..B. F. Sturtevant Co. 
Induced-draft fans, 2, single-inlet, vane control, cap. 
each 102,500 ec.f.m., 500 deg. F., 16.2 in. water, 
v1) UTA!) 1) Seater ee Pa le en ee Sere B. F. Sturtevant Co. 
Draft fan motors, 440-volt, 25-cyecle, 725-r.p.m. con- 
StANE-SHPECA 2. cecccaces Westinghouse Elec. & Mfg. Co. 
Boiler-feed pumps, 2, 1,200-g.p.m., ...... Ingersoll-Rand Co. 
Boiler-feed-pump turbines........ Terry Steam Turbine Co. 
Reducing valves and desuperheater .Smoot Engineering Co. 
High-pressure valves ..Consolidated Ashcroft-Hancock Co. 
Chapman Valve Mfg. Co., Crane Co. 
SEP MREN SE, O's verereveth oko vist ata cose) cutie Pe hO ds aie) aiairese ohe Power Piping Co. 
Hunter B. Frischkorn, Inc., M. W. Kellogg Co. 
Benjamin F. Shaw Co 


ROR, TRAUB GION F fe6enk sss ore aise ese Chas. S. Wood & Co. 

Wallace & Gale 
RRR PRES 5 2 a. 0.5. Grate io rare x Sar ayes, hace ers eevee Bailey Meter Co. 
WOMEUTD INGtOE 6 5.o.6)00 46 <5 6 cies siasales Builders Iron Foundry 
Blowdown: Meter 6.6. sees Henszey Deconcentrator Co. 
Recording pressure gage ....... Republic Flow Meter Co. 


Indicating press. gages..Consolidated Ashcroft Hancock Co. 
Recording water-level indicators ..Republic Flow Meter Co. 


ReECOraine PYTOMGIOFA .....5 ccc eneee Leeds & Northrup Co. 
Mecawater flow indicator <.. 2.2... 66s s6es Morey & Jones 
DEE POCORGGE sieclss eiscaore ws ckalaacwwals Leeds & Northrup Co. 
Motor starters and controls .Westinghouse Elec. & Mfg. Co. 
Engineering........ Engrg. Dept., W. Va. Pulp & Paper Co. 





LARGEST DIESEL 
Pinch-Hits for Steam 


By H. Walter Pye 


Copenhagen, Denmark 


Copenhagen’s 22,500-hp. standby and peak-load unit 
goes from cold to “on the line” in 1 min. 40 sec. 


Ox: of the largest and most interesting European 
power plants, the H. C. Oersted station at Copenhagen, 
has recently completed its third great extension and has 
been operating in its new form for somewhat over a 
year with very gratifying results. The rather unusual 
combination of steam and diesel, and the extraordinary 
size of the latter, have excited much interest and discus- 
sion in these countries, but only one description of the 
diesel has been published in America (POWER, October, 
1932). 

The first section, commenced in 1916, but (due to 
the difficulties imposed by the War) not brought into 
operation until 1920, had an aggregate machine power 
of 26,000 kw. in. three: turbine-alternators, one of 
6,000 kw. and two of 10,000 kw. The steam plant had 
ten water-tube boilers (each with 5,910 sq.ft. of heat- 
ing surface) operating at 215 lb. pressure and 662 
deg. F. 

The second extension, begun in 1923 and concluded 
in 1926, added two turbine-alternators of 16,000 to 
20,000 kw. and a second steam plant of eight 10,114- 
sq.ft. water-tube boilers, Steam pressure of 355 lb. and 
a temperature of 707 deg. F. were chosen for this ex- 


The 22,500-hp., 33x59-in. diesel, 36 ft. high by 66 ft. 
long. Notice elevator at left and man on platform 











tension. Generating capacity was thus raised to 58,000 
kw., and distribution system transmission voltage was 
increased from 6,000 volts to 30,000. 

This brought about complete centralization of power 
production in Copenhagen, as the three other stations 
were wholly or partly rebuilt to converter substations. 
The slight remaining generating capacity was used only 
during winter peaks, while the old steam plants were 
used for district heating. 

In 1929, growing peak loads indicated that a third 
extension should be in partial operation by the fall of 
1932. Contributory factors were electrification of the 
Copenhagen District railroad lines and the projected 
extension of distribution throughout Sealand and a 
similar extension of the South Swedish Power Co. 
Denmark sends power across the Oresund by submarine 
cable to the Swedish hydro stations at times of low 
water, receives it at other times. Copenhagen munici- 
pality granted 20,000,000 kronen for this third exten- 
sion, completed in the summer of 1933. 

This last enlargement of Oersted Station has been 
basic in character and adds an enormous steam and tur- 
bine power capacity coupled with a gigantic diesel unit 
—the largest fuel-oil engine in the world. 

The new steam plant adds eight 17,200- sq.ft., 
Stirling-type, 3-drum boilers operating at 365 lb. pres- 
sure and 752 deg. F. Had the question been one of an 
entirely new station it is probable that a higher pressure 
between 500 and 640 Ib. would have been adopted. 
But, as Section 2 had been built for 355 Ib., the eco- 
nomical advantage of the higher pressure was secondary 
to the desirability of coordinating the steam plants and 
turbines of the two sections. Each unit is designed for 
a normal evaporation of 106,000 Ib. per hr., maximum 
continuous evaporation of 142,000 lb., and short-time 
peak load evaporation of 157,000 Ib., when operating 
primarily on Scottish and Polish fines having calorific 
values ranging from 10,000 to 11,000 B.t.u. Water 
volume is 1,480 cu.ft., steam volume 425 cu.ft., fur- 
nace volume about 8,100 cu.ft. The superheater de. 
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livers steam at 720 to 780 deg. F., according to load. 

Stoking is performed by twin-louvre chain traveling 
grates moving at ten controlled speeds. Guaranteed coal 
consumption is 26 to 40 Ib. per sq.ft. at normal and 
peak loads, respectively, on a grate area of 530 sq.ft. 

The economizer takes the form of horizontal return- 
bend-steel tubes of 6,160 sq.ft. heating surface. At 
normal boiler load, flue gas is cooled from 590 to 410 
deg. F, and feedwater heated from 266 to 338 deg. F. 
In conjunction, the 18,700-sq.ft. tubular air heater heats 
combustion air from 68 to 248 deg. F. and cools flue 
gas from 410 to 248 deg. F. Cinder catchers, forced- 
draft fans, secondary grate fans and mechanical soot 
blowers serve each unit. 

These boilers supply two 36,000-kw., 1,500-r.p.m., 
Parsons-type turbines with steam at 327 Ib. and 743 
deg. Steam is bled at 70 Ib. and 9.4 lb. gage. At 
25,000 kw. (most economical load), guaranteed heat 
consumption, including bleeder and condenser con- 
sumption, is 10,845 B.t.u. Each unit is used by two 
parallel 20,200-sq.ft. condensers cooled by seawater. 

The alternator is a 3-phase, star-connected, 40,000- 
kva. 4-pole machine, voltage 6,500 /6,000, 50 cycles. 


Diesel Engine 


In conjunction with the steam plant is the world’s 
largest diesel. It is an 8-cyl. double-acting, two-stroke- 
cycle motor with 33 in. bore, 59 in. stroke, operating 
at 115 r.p.m. Normal output is 12,500 kw.; at this 
load maximum efficiency is obtained and guaranteed 
tucl consumption ts 0.53 Ib. per net kw.-hr. Maximum 
continuous rating is 15,000 kw., with net fuel con- 
sumption of 0.44 per net kw.-hr. 

The engine ts designed for starting by air at 355 lb 
pressure and reaches normal speed within 1} min. Fucl 
is injected under a pressure of 5,200-6,250 Ib. through 
three atomizing valves at the top and three at the bot- 

‘m of each cylinder, the valves being driven in the 
ual fashion by a special shaft coupled to the engine 
rankshaft through a chain drive. The pumps, two to 


H. C. Oersted station at night, show- 

ing new extension. Sections 1 and 2 

are hidden behind the turbine house. 

The diesel plant is at extreme right; 

the switch house shows in front of 
the turbine house 


Cylinder heads of the 8-cyl., 2-cycle, 
double-acting unit 





cach cylinder (one supplying the upper and the other 
the lower valves) are driven from a camshaft in like 
manner. Scavenging air is supplied by rotary blowers 
in connection with a large scavenging tank and is ad 
mitted midway on the cylinders under a pressure of 


1.64 Ib. per sq.in. 


Cylinders are cooled with fresh water, the pistons 
with lubricating oil from the forced-lubrication system, 
and both fresh water and oil are cooled with sea water 
from the cooling water ducts. 

The ‘‘Asea’’ 3-phase flywheel alternator is star-con- 
nected for a working voltage of 6,000/6,500 volts, 
maximum output 19,000 kva., 50 cycles. 

The diesel-generator is not used continuously and 
was installed for stand-by and peak load purposes only. 
One of the features of a fuel-oil motor of this type is 
its extremely short starting period; it may take load 
immediately if a fault occurs in the steam plant. On the 
occasion of my visit to the plant, I timed a normal 
starting of the unit. It was brought up to full speed 
and synchronized in one minute and forty seconds, a 
considerable gain over the usual 30 to 60 minutes re- 
guired to start up a turbine. A second feature that 
makes the machine admirably suited to stand-by pur- 
poses is that no fuel is required while standing-by, 
whereas the steam plant entails a considerable loss dur- 
ing banking periods. As the machine ts fully staffed 
at all times, a small machine shop is installed in the 
diesel house where the men on watch can be employed 
on minor repairs during idle hours. 


As regards the use of the diesel for peak-load pur 
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poses, it is as yet impossible to furnish any definite data 
concerning its effect on station economy. The extension 
came into part operation in the fall of 1932 with one 
36,000-kw. turbo-alternator and four boilers, while the 
second similar unit and the diesel were not placed in 
operation until the major part of the load came on dur- 
ing 1933. As the diesel came into operation during 
the same period, it is difficult to determine how much 
of the gain in economy is due to the new steam plant 
and how much to the diesel. However, a few facts of 
the operating combination may not be without interest. 


Diesel Takes Peak 


The station is now so designed that the steam plants, 
section two and three, can arbitrarily combine to take 
the present maximum demands comfortably and eco- 
nomically, with the diesel taking the peak each day. It 
is accordingly being used this winter, as during the last, 
in regular schedule. It is started each day between 3 
and 4 o'clock in the afternoon, the actual time depend- 
ing upon the weather and the natural light conditions 
obtaining; the system reaches its peak between 5 and 6 
o'clock and the diesel is taken out about 7 to 8 p.m. As 
a rule, it is not necessary to load it up to more than 
8,000-10,000 kw., which is only about three-quarters of 
most economical load, but it can immediately be loaded 
up to its maximum of 15,000 kw. in case of trouble 
elsewhere. In this connection it is very interesting to 
note a recent experiment in which the diesel was run 
for a full four hours at maximum load with a clear 
exhaust, the test having followed immediately after a 
4-hr. period at most economical load (12,500 kw.) 


The inclusion of the diesel during these hours each 
day avoids carrying a banked boiler for reserve service 
during the peak and means a large saving in banking 
losses when the cost of carrying the banked boiler 
amounts to at least 5 to 6 tons of coal per day. 

The consumption of fuel oil is 0.53 lb. per net 
kw.-hr. at most economical load of 12,500 kw. and 
0.55 per net kw.-hr. at three-quarter load. Average 
daily consumption comes somewhat higher, say 0.60 to 
0.62 lb. per net kw.-hr., the reason being the heavy 
starting and low average load. Fuel cost of the diesel 
plant amounts to about 1.5 ore per net kw.-hr. (includ- 
ing cost of lubricating oil) as against 1.0 to 1.1 ore per 
kw.-hr. for the steam plant, depending upon load 
factor. These figures, however, do not give the true 
picture, because the cost of peak-load diesel power 
should not be compared with the average cost for the 
steam station, but rather with the cost of producing the 
peak with steam equipment and including such items as 
banking losses and starting losses of boiler and turbine. 

No statement has been made as to whether more 
diesels will be added to the existing section in the 
future. That cannot be considered until comprehensive 
data will have been gathered on the performance of the 
single motor and will depend of course on the future 
needs of the community and on the structural program 
then arranged by the Copenhagen Department of Light 
and Power in regard to the disposition of those future 
needs. The diesel building is, however, designed for 
extension to house as many as three more big diesels. 

‘Station designed 
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DOWN WENT HEATING COSTS 
By W. H. McCollum 


Boseman, Mont. 


oF years passed between the taking of the two 
lines on each of the three charts here reproduced, ten 
years in which tremendous savings were made in the 
cost of heating steam. The plant was first fired up in 
January, 1923, and the first lines were drawn on the 
charts at the close of the same year, the second lines ten 
years later on a day when temperature coincided. 

When installed, the plant was considered up to date 
for its size. It included two 3,750-sq.ft. Stirling boilers, 
Cochrane open feedwater heater and meter, S. C. feed- 
water regulators, Sturtevant turbine drive for the forced- 
draft fan, Bailey flowmeter and draft gages, and under- 
feed stokers. After eight months, the stokers were re- 
placed by Coxe Type B traveling-grate stokers, which 
proved very satisfactory. 

Pressure control was originally by a Mason regulator 
hooked to the fan-turbine throttle, but stoker speed and 
stack damper were controlled by hand. This required 
close watch, else the fire burned off short or put coal in 
the ashpit, Later, a 3-in. line was run from the turbine 


throttle to the stoker engine and to a cylinder and 
plunger to operate the damper. Although quite tem- 
peramental, it was better than hand control. Other sug- 
gested improvements were turned down by the manage- 
ment because there seemed to be no money to buy even 
small pipe and fittings. 

The damper-opener plunger operated in oil. Gland 
adjustment was difficult to maintain, so it either spilled 
oil or stuck tight and smoked us out. One fireman man- 
aged to get enough fittings to replace it with an old 
cylinder from a pressure regulator, with cup leathers 
for packing and a loop of pipe for a water seal. He 
also got enough chain to connect the return-tank float 
to the make-up water valve, preventing waste of water 
and avoiding our former running to the basement to 
regulate make-up by hand. 

After nearly seven years of operation with only essen- 
tial repairs, one of the firemen was made chief and was 
confronted with the task of rejuvenating the plant on 
a reduced budget. 
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We have about 1,900 ft. of 5-in. steam and return 
lines, 1,400 ft. of 3- and 4-in., and 1,700 ft. of 2- and 
23-in. lines connecting eighteen buildings with about 
73,000 sq.ft. of radiation. Variators installed at inter- 
vals of about 150 ft. formerly cared for expansion in 
the return lines. The copper diaphragms in most of 
them began to leak. As they were buried from 7 to 14 
fi. in the ground, it was quite costly to dig them up and 
hard to determine just which ones were leaking. Finally 
we pulled out the whole bunch and replaced them with 
expansion joints in the same manholes where steam-line 
expansion joints were located, thus spacing them at in- 
tervals of 200 to 300 ft. 

Later a new barrel for the water end, new valves, 
stems and springs were installed in the 14x20x24-in. 
vacuum pump that brings back condensate. We also 
connected a small receiving tank above the pump and 
bypassed part of the water through the pump con- 
tinually to keep it from running dry. The pump 
formerly ran 90 to 120 strokes per min. After over- 
hauling, and with return-line leaks stopped, it ran only 
12 to 25 strokes per min., with vacuum increased from 
6 to 10 in. We have also stopped using the conden- 
sate pump formerly required in one building. 

Our feed pumps, two center-packed plunger units, 
hammered so badly they shook the feed lines and boiler 
water columns. We had already replaced two broken 
pump rods and all four water cylinders, which had been 
badly cracked, We put in an extra-heavy tee on the 
pump discharge, from it dropped a 4-in. pipe 6 ft. to 
the floor level, then made a U turn and put on a capped 
22-ft. vertical length of 5-in. pipe for an air chamber. 
We now have no water hammer or air in the feedwater, 
and we haven’t lost a rod since. 

Recently, one boiler refused to take water. On taking 
the bonnet from the globe valve on the feed line, we 
found the valve had been put in backwards, with the 
result that the disk had come off the stem and closed 
tight. 

Nearly all steam is used for heating, reduced from 


Feedwater temperature, boiler pressure, and total 

evaporation charted in December, 1923, and ten 

years later. Light line drawn in 1923, heavy line 
in 1933 
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140 to 60 Ib. as it leaves the plant. Low-pressure steam 
sometimes fluctuated as much as 20 Ib. in pressure, but 
after we repiped the control line on the low-pressure 
side of the reducing valve it gave no further trouble. 
Most of the radiator traps were blowing through too, 
so we have been replacing them and also trapping lines 
and headers to overcome water hammer. 

We have reconstructed the reducing valve between 
steam and exhaust lines and rearranged the float valve 
feeding the header to get higher and more constant 
feedwater temperature. 


Increased Load 


During the ten years, buildings have been added, in- 
creasing radiation load about 10 per cent, but our load 
has remained the same because of the line repairs, im- 
proved trapping and repaired vacuum pump. Engi- 
neer’s figures for the heating period Oct, 15, 1923- 
May 15, 1924, show steam cost of $0.60 per 1,000 Ib. 
For the winter of 1932-33 cost was $0.40 a thou- 
sand, including all repairs to lines and radiators, also 
coal for banking fires during the summer. 

Actual evaporation per pound of coal as fired has in- 
creased from 5.85 to 6.50, which is better than it looks, 
as load varies from 20 to 150 per cent rating for one 
boiler, and the evaporation figure includes the summer 
with its light load. Coal burned is screenings running 
about 10,500 B.t.u. Reduction in coal price per ton 
amounts to $0.046 per 1,000 Ib. of steam, while labor 
reductions amount to $0.012. The rest of the saving is 
due to better evaporation, lower cost of supplies and 
lower costs of coal and ash handling—now done by one 
man. Most plant changes have been made by the chief 
and firemen on shift, so costs have been low. Work on 
lines and in the buildings is done in summer when 
steam demands are light. 

Suggestions for plant improvement have been made 
by Chief Engineer Davis, C. G. Monroe and me, but to 
Monroe, who has since moved to Great Falls, Mont., 
must be given credit for many ingenious devices. We 
miss him. 











It Ain't The Heat— 


IT’S THE HUMIDITY 
By R. B. Purdy* 


Associate 


Bay: you ever smoked a dry cigar? Have you ever 
tried to smoke one with a cracked wrapper? The 
answer is too little moisture, in the first case because 
the cigar was stored in too dry a place; in the second 
place, because it was made in air that was too dry. 

On the other hand, any one who has worked in a 
chemical plant knows that there are certain types of 
chemicals which must be made in a room from which 
moisture 1s practically excluded, otherwise they are 
spoiled in process. 

This is probably the reason for man’s early effort to 
control the amount of moisture in air—after all, mod- 
ern man thinks much more of his pocketbook than he 
does of his personal comfort, 

During the last few years, however, research men 
have found the combinations of temperature and 
humidity that give the same feeling of comfort. They 
found that the good old saw about “It ain’t the heat, 
it’s the humidity” has some real foundation, for warm 
air feels less hot with some of the moisture taken out, 
and cool air feels less cold if some moisture is put in. 


Saturation 


Air cannot hold in mixture with it an unlimited 
weight of water vapor—if a certain point is passed the 
excess water comes out either as fog or water droplets. 
Further, the amount of water air can hold varies with 
the temperature. When at a given temperature air has 
mixed with it all of the water vapor it can hold, it is 
called saturated. It may have, however, considerably 
iess than the maximum amount of water it can carry at 
a given temperature. The actual weight of water vapor 
contained in a pound of dry air is therefore referred to 
as absolute humidity. Some authorities, however, say 
that absolute humidity is the actual weight of water 
vapor pet cubic foot of the mixture. 

Relative humidity, a more familiar term frequently 
shortened to “humidity,” is the ratio of the actual 
weight of water vapor in a cubic foot of the mixture of 
air and water to the weight of water vapor that the 
cubic foot could contain if saturated at the same tem- 
perature. 

Humidity, whether it is relative or absolute, is usually 
determined with a wet-bulb thermometer. This ts sim- 
ply an ordinary thermometer which has a piece of wet 
silk fastened around its bulb. This thermometer 1s 
whirled rapidly in the air or held so that the air will 
biow over it. Some of the water in the silk is evapo- 


*Second -of a series. 


Tne first, “Tailor-made Weather,” 
appeared in November, 3 


1934. 


Editor 


rated. This cools the rest of the water and the ther- 
mometer bulb. The speed with which the water evapo- 
rates, and consequently the amount of cooling of the 
bulb, depends upon how nearly saturated the air is. 
If the air already contains all the moisture it can hold 
none will be evaporated from the wet silk, and there- 
fore the temperature shown by a wet-bulb thermom- 
eter and that shown by an ordinary thermometer will 
be the same. But when the moisture content of the air 
is anywhere below the saturation point, moisture will 
be taken from the silk and the wet-bulb temperature 
will be below dry-bulb temperature, and will give 
the differential from which the humidity can be figured. 
To avoid all this computation, however, charts have 
been drawn from which the relative humidity and the 
weight of water vapor per pound or per cubic foot of 
air can be read when both wet-bulb and dry-bulb tem- 
peratures are known. 

When a mixture of air and water vapor is cooled, 
both the wet-bulb and dry-bulb temperatures decrease, 
but the wet-bulb temperature decreases at a slower rate, 
so that the difference between them gets smaller. The 
relative humidity of the air, however, increases until 
finally the air reaches a temperature below which some 
of the moisture will begin to condense out. At this 
point, called the dew-poimt temperature, the air is satu- 
rated and dry-bulb and wet-bulb temperatures are the 
same. This temperature does not change unless water 
vapor is added to or taken away from the mixture. 
Thus, if saturated air were heated without removing or 
adding water vapor, the dry-bulb and wet-bulb tem- 
peratures would increase, relative humidity would de- 
crease, but dew-point would stay the same. 


Air Cooling 


When air water-vapor mixtures are cooled, heat must 
be removed, not only to cool the air, but also to cool the 
water vapor. Of course, the heat required to lower the 
temperature of the superheated vapor in a pound of 
dry air is small compared to that required to reduce the 
temperature of the air, because of the relatively small 
weight of water vapor present. For example, let’s se 
how much heat must be taken out to reduce 80-deg. aii 
with a relative humidity of 70 per cent to its dew-point 
temperature, 69 deg. At this temperature and relative 
humidity the air mixture contains 107 grains (0.015 
lb.) + of water vapor per pound of dry air. The heat 
which must be taken out to cool the air is found by 


+7000 grains per lb 
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multiplying the drop in temperature by the specific heat 
of air and by the weight of air cooled. Since the spe- 
cific heat of air is 0.24, the multiplication becomes: 
h=11 X 0.24 K 1 = 2.64 B.t.u. per Ib. dry air. 

The heat removed to cool the vapor is found in the 
same way, except that the weight and specific heat of 
the vapor must be used. Since the specific heat of the 
vapor is 0.45, the calculation becomes: 

hb, = 11 X 0.45 & 0.0152 = 0.075 B.t.u. 

Total heat removed is 2.64 + 0.075 = 2.715 B.t.u. 

Further cooling below the dew-point causes some of 
the water to condense out. This requires a definite 
amount of heat (called latent heat) per unit of water 
vapor, and must be considered. It is, however, some- 
what simpler and more exact to deal with the heat con- 
tained in the water vapor than with the latent heat. 
Heat content of low-pressure water vapor is easily 
found from the equation 

H = w X (1059.2 + 0.45 2), 
where w’ is the weight of the vapor in pounds, and ¢ the 
dry-bulb temperature. To find the heat removed, if the 
air in the above example is cooled down to 45 deg, 
the first step is to find the weight of water in the air at 
the final temperature. Chart will show this to be 44 
grains (0.00628 Ib.) Cooling the air to this tempera- 
ture has caused the condensation of 107 — 44 = 63 
grains (0.009 Ib.) of water. Heat content of the water 
vapor at 69 deg. was H: = 0.015 (1059.2 + 0.45 X 
69) = 16,35 B.t.u. Heat content of the water vapor at 
the final 45 deg. is only H: == 0.00628 (1059.2 + 
0.45 & 45) = 6.79 B.t.u. The difference between 
these two figures, 16.35 — 6.79 = 9.56 B.t.u. The 
condensed moisture takes away with it the heat of the 
liquid, so that the heat that a cooling medium must 
remove from the water vapor is 9.56 B.t.u. — the heat 
in the condensed vapor, or 9.56 — (0.009 &K 13) = 
9.45 B.t.u, To this, of course, must be added the heat 
taken from the pound of dry air, or 0.24 (69 — 45) 
= 5.76 B.t.u., making the total heat to be taken from 

air-water vapor mixture 9.45 + 5.76 = 15.21 B.t.u. 
This calculation can be carried out with the chart. 

If a current of air is passed through a spray of water 
that is being continuously recirculated, and to which 
heat is neither being added or removed, the tempera- 
ture of the water will increase or decrease until the wet- 
bulb temperature of the entering air is reached, When 
this condition is achieved the air will leave the spray 
saturated with dry-bulb and wet-bulb temperature the 
same as the entering wet-bulb temperature, and no heat 
will be added to or taken away from the air mixture 
passing through the spray. This property of air water 
vapor mixture is used occasionally as a means of 
cooling air. The cooling, however, is limited because 
the dry-bulb temperature can be lowered to only the 
wet-bulb temperature, normally, a drop of 5 to 15 deg. 

In air-conditioning for comfort it is desirable to con- 
trol absolute humidity so that the rela- 
tive humidity at the final room dry- 
bulb temperature is about 40 per cent. 
Thus, for example, if the room is to be 
kept at 75 deg. and 40 per cent rela- 
tive humidity, the supply air must 
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contain 52 grains of water vapor per pound, and the 
dew-point temperature must be 48 deg., assuming, of 
course, that moisture is not added in the room. 

Water sprays offer an easy way to control absolute 
humidity and dew-point of supply air. If enough 
sprays are provided and water is cooled or heated, the 
air will leave saturated and with a dew-point and wet- 
bulb temperature almost the same as the temperature 
of the water spray. Thus, it is only necessary to con- 
trol the spray water temperature in order to regulate 
humidity of a given air-conditioned space. 

In summer it is primarily necessary to cool spray 
water. This is usually done by mixing refrigerated 
water with the water recirculated. In the winter the 
water must be heated instead, and this can be done by 
installing coils in the basin or tank below the spray. 
However, heating in this way is likely to cause odor. 
The same results can be obtained by heating the air and 
recirculating spray water without heating or cooling. 

To figure out the proper dry-bulb temperature to 
which air going into the sprays must be heated to ob- 
tain the proper leaving dew-point temperature, it 1s 
necessary to remember only that when steady condi 
tions are established there will be no heat added to or 
removed from the air as it passes through this spray. 
Therefore, leaving and entering wet-bulb temperatures 
will be the same. If, for example, air leaving the spray 
is to have a wet-bulb and dew-point temperature of 45 
deg., the temperatures to which the air incoming must 
be heated may be found by following across the 1S-deg. 
wet-bulb temperature line on the chart below until the 
moisture content of the entering air is rcached. The 
dry bulb temperature at this point 1s the temperature to 
which the air should be heated. 

For example, assume centering air at 30 deg. with 
relative humidity of 20 per cent. It contains about 
.0007 Ib. of water vapor per pound of dry air. Follow 
ing across the i5-deg. wet-bulb line to the .0007 Ib. 
moisture line we find the dry-bulb temperature to which 
the air should be heated to be 71 deg. 



















Psychrometric chart, 
as devised by Carl 
Shabtac and C. Q. 

Mackey 
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PRIME MOVER OF THE FUTURE? 
THE COMBUSTION TURBINE 


By William E. Trumpler 


Mechanical Engineer 


The combustion turbine, once deemed economically imprac- 
ticable, demands new consideration in the light of today’s 
higher turbine and compressor efficiencies and the ability 
of modern turbine blades to withstand high temperatures. 
Discussion of Mr. Trumpler’s proposal will be welcomed. 


S.. FAR the results with experimental 


combustion turbines have not been en- 
couraging, and the general belief exists that 
there is little or no hope for them commer- 
cially. My purpose here is to show that 
summary conclusions can easily be wrong, 
and that there is a definite future for the 
combustion turbine, considering only estab- 
lished facts, not possible developments. 

Before describing the specific solution of 
the combustion turbine referred to, it ap- 
pears desirable to mention briefly the two 
principal working cycles: the constant vol- 
ume and the constant pressure cycles dia- 
grammatically shown in Figs. 1 and 2. In 
both diagrams, line A-B represents the com- 
pression of air and fuel, B-C the change 
caused by combustion, C-D expansion of 
the heated gas, and D-A exhaust of the ex- 
panded gas. The area ABCDA represents 
the work each of the cycles can theoretically 
convert into mechanical power. 

It is clearly indicated that the first cycle, 
under similar conditions, delivers more 
power than the second. It is therefore not 
surprising that practically all combustion en- 
gines and most gas-turbine schemes are 
based on Cycle 1. While Cycle 1 repre- 
sents the natural application for the piston- 
type motor, Cycle 2 is better adapted to the 
turbine motor. Cycle 1 is by nature inter- 
mittent, Cycle 2 continuous. 

The continuous cycle favors the turbine, 
permitting high compression and expansion 
ethciencies. Continuous combustion as ap- 
plied to Cycle 2 is more efficient than inter- 
mittent (explosion) combustion of Cycle 1. 
Cheaper fuels can be effectively utilized 
with continuous combustion than with the 


Fig. 1—Constant-volume cycle. 
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explosion type combustion. Recovery of the 
exhaust heat can be effected in turbines of 
either cycle, but not in engines where the 
expansion stroke follows immediately after 
the compression stroke. In systems of rela- 
tively low compression ratio, exhaust tem- 
perature is always materially higher than 
the end temperature of compression, and a 
material improvement can be obtained in 
the thermal efficiency. 

The turbine is at a disadvantage in its 
combined mechanical and hydraulic efh- 
ciency in comparison with the piston en- 
gine. Further, cylinder and piston can be 
cooled effectively, permitting high com- 
pression ratios and combustion tempera- 
tures, while cooling in the turbine is either 
very difficult and impractical when applied 
to the rotor directly, or involves material 
loss of thermal efficiency if the gases are 
cooled by water injection.” To make the 
combustion turbine practical and safe from 
deterioration, the temperatures of combus- 
tion must be kept down to such a figure 
that the expanding gases, while passing 
through the rotor channels, do not exceed 
the temperature which the material can 
endure. 

Since recent developments in steam tur- 
bine plants have made it possible to use 
steam with total temperatures up to 900 
deg. F., one of the greatest obstacles for the 
combustion turbine has been removed. The 
way has further been paved by the gradual 
improvement of turbine efficiency as well as 
the development of air preheaters. 

The arrangement which promises the 

“Gas Turbines’ by L. S. Marks & 
Danislov, ASME Transactions 1924. 


Fig. 2—Constant-pressure cycle. 


Ne ot thera 

Pressure 
Coo/” 
air 


Cooled ~— 

turbine <—— 
exhaust — 
to atmosphere 





Preheater 


most satisfactory solution of the combustion 
turbine is the constant-pressure cycle with 
regeneration of the exhaust heat. In Fig. 3 
this arrangement is shown diagrammatically. 
The compressor is coupled directly to the 
turbine. Preheater and burner are _ inter- 
posed between compressor and turbine. The 
driven machine (generator) is also cou- 
pled to the turbine. 

The cycle operates as follows: (1) Cool 
air enters the compressor at A. (2) It 
leaves the compressor at B with the full 
compression pressure and slightly heated by 
the compression; and enters one passage 
of the preheater. (3) While passing 
through preheater it is heated nearly to tur- 
bine exhaust temperature. (4) The air 
leaves preheater at C to enter the burner, 
where fuel is injected at D and burned with 
a continuous flame. (5) The fully heated 
combustion gas enters the turbine at E, ex- 
pands through nozzles and wheel, impart- 
ing power to shaft. (6) The partly cooled 
gas at practically atmospheric pressure leaves 
turbine at F and enters the second passage 
of the preheater, running counterflow to 
the first passage. (7) After giving up most 
of its heat to the compressed air, exhaust 
leaves preheater at G at a temperature 
slightly higher than that of the air at the 
end of compression. 

By recovery of the exhaust heat the fuel 
has to furnish little more heat than that 
converted into mechanical work in the tur- 
bine. The work of the compressor, how- 
ever, must be covered by the turbine, and 
only the balance of the power will be de- 
livered to the electric generator. 


Excess Power 


Judging from the above description of 
the working cycle, the turbine must at all 
times develop more power than is required 
to drive the compressor. To this end cer- 
tain conditions must be fulfilled, referring 
particularly to combustion temperature and 
turbine and compressor efficiency. 

If Hp; denotes the power developed by 


Fig. 3—Arrangement of elements 
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the turbine and Hp. the power absorbed by 
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the excess ratio of turbine over compressor 
power, ar just “Excess ratio.” This excess 
ratio can be expressed by the following 
formula:* 
Hp: T; 
Exe. Ratio = ——- = E..E, 
Hp. 





ea =p) 
T. 

E+, Ee—Turbine and compressor efficiencies 
T:, Tc—Absolute temperatures, adiabatic 
turbine exhaust, and at the entrance to 
compressor. 

To make the excess ratio as large as pos- 
sible, both compressor and turbine effi- 
ciencies must be as near to unity as possi- 
ble, combustion temperature high, and en- 
trance air temperature as low as possible. 

There is a considerable variety of opin- 
ion as to possible maximum values of tur- 
bine and compressor efficiency. While in 
centrifugal compressors an efficiency of 75 
to 80 per cent adiabatic can be counted 
upon, turbine efficiency depends to a great 
extent on pressure drop. With favorable 
proportions, and a pressure drop not pro- 
ducing too high a speed ratio, efficiency 
can rise to 85 per cent. The higher the 
speed ratio, the lower the efficiency. These 
values are likely to be surpassed if the de- 
mand for such machines makes research and 
development along this line commercially 
desirable. 

In the matter of the temperatures that 
can be employed, the lower temperature is 
more or less determined by the atmospheric 
or climatic conditions. The combustion tem- 
perature must be so limited that, after ex- 
pansion in the nozzle, the wheei is not sub- 
jected to a higher temperature than 850 
deg. F., a temperature which can be en- 
dured continuously by modern high-grade 
alloy steels. 

To give an idea of the excess ratios that 
can be obtained, Table I tabulates excess 
ratios for efficiencies ranging from 70 to 
90 per cent, air intake temperatures from 
0 deg. to 60 deg. F. (460 to 520 deg. F. 
abs.) and adiabatic turbine exhaust tem- 
peratures from 800 to 900 deg. F. (1,260 
to 1,360 deg. F. abs.). To simplify this 
tabulation turbine and compressor effi- 
ciencies are assumed to be alike. 

The values of Table 2 indicate clearly 
the large influence of low compressor intake 
temperatures and high turbine exhaust tem- 
perature, as well as high turbine and com- 
pressor efficiencies. Considering a turbine 
and compressor efficiency of 82.5 per cent, 
an air temperature of 30 deg. F. and a tur- 
bine wheel temperature of 850 deg. F., an 
excess ratio of 1.81 is obtained, which 
represents a practical value. Lower efh- 
ciencies reduce the excess ratio rapidly, 
while higher efficiencies produce compara- 
tively smaller improvements. Cold climatic 
conditions, or winter operation produce 
large improvement in the excess ratio. In- 
ismuch as the excess ratio is affected by 
ethiciencies and temperatures, it is inde- 
pendent of the compression ratio and the 
recovery of exhaust heat. 

To materialize the conditions for a high 
excess ratio, it appears best to keep the com- 
“See Gas Turbines by L. S. Marks & 
Danislov, ASME Transactions, 1924. 
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pression ratio low. With low compression 
ratio, both compressor and turbine effi- 
ciencies can easily be made high. Also the 
temperature ratio will be favorable, as a 
low peripheral velocity means low stress, 
which in turn allows a higher wheel tem- 
perature. A minimum compression ratio, 
however, is of no economic value, since it 
leads to high-priced equipment. The com- 
pression ratio, therefore, is subject to com- 
promise and must be taken as high as the 
various factors involved will permit. While 
no limitations are attached to the com- 
pressor, the turbine is limited by the maxi- 
mum temperature of the gases at the wheel, 
the peripheral velocity as defined by the 
strength of the material, and the efficiency 
determined by the ratio of nozzle velocity 
to peripheral velocity. 

To keep the temperature ratio high, it is 
essential to expand the gases as completely 
as possible before they enter the wheel chan- 
nels. Multi-staging of the turbine, there- 
fore, is out of question. Peripheral velocity 
of the wheel naturally is affected by the 
temperature, which experience limits to 
to about 850 deg. F., and cannot be assumed 
to be above 800 ft. per sec. For a single 
wheel, the relation of speed-ratio, peripheral 
velocity, efficiency and compression ratios 
are shown in Table II. The efficiencies are 
determined in the same way as for turbines 
operating on superheated steam. 


Total Thermal Efficiency 


It is essential now to determine the total 
thermal efficiency of the unit, particularly 
for the speed ratios mentioned in Table II. 
In combustion turbines operating at mod- 
erate temperatures and with regeneration of 
exhaust heat, the percentage of combustion 
products in the exhaust gases is low, so 
that the change in specific heat can be neg- 
lected. For simplicity’s sake, the slight in- 
crease of weight of the expansion gases re- 
sulting from the addition of fuel will be 
neglected too. It is assumed that all the 
compression work is converted into visible 
heat, and the heat loss caused by the ex- 
pansion is all converted into work. 


The following equation will then hold 
true for the total thermal efficiency (Ero:) 
without regeneration: 

(13 — T,) (T. 
T;— T; 
where T1, T2, Ts and T, are absolute tem- 
peratures, respectively at the entrance to the 
compressor, compressor exit, temperature 
after combustion and at exhaust. 

With regeneration, denoting the tempera- 
ture loss in preheater by dT, the equation 
reads: 


TABLE I—EXCESS RATIOS 

















Re 
abs. T: Ratio Turbine and Compressor Efficiencies 
deg. Tito a —_\—— —_—— 
F. if 0.70 0.75 0.80 0.825 0.85 0.875 ¢ 
(2605 ~ 243-0 PANO WSF 3155. 86S E76. Ra 
590-4 (310) 2.520 (1.234216 “17 082° 1,93 
(1360 2.62 1.28 1.47 1.67 1.77 1.89 2.00 2 
(1260 2557" 4.260 1245 1.640 1.74 86 0.92 2 
490 {1310 2.67 1.31 1.51 1.70 1.81 1.93 2.05 2 
11360 2.78 = =—-1..36 156 1.77 1.88 2:00 2.12 2 
( 1260 DFAS 1 34 MUSSELS Ie 2 NE ad 
460 41310 2.85 1.40 1.60 1.82 1.94 2.07 2.18 2 
(1360 2.99 1.45 1.66 1.89 2.02 2.15 2.27 2 
TABLE II—VELOCITIES, 
EFFICIENCIES AND 
COMPRESSION RATIOS 
Nozzle COMPRESSION 
Vel. with RATIOS for exhaust 
periph. temperatures of 
vel. Turbine . 
Speed 800 Efficiency 800 850 900 
Ratio Ft./Sec. (see note) deg. deg. deg. 
1.80 1440 0.850 1.58 1.55 1.53 
2.00 1600 0.825 1.74 1.71 1.68 
2.20 1760 0.802 1.94 1.89 1.86 
2.40 1920 0.786 2.19 2.13 2.08 
2.60 2080 0.770 2.51 2.44 2.37 





Note: Turbine efficiency is calculated on the basis of 


( 


S 


.96 and 0.86 nozzle and relative velocity coefficient 


Ratio of inside to outside diameter (for radial-flow wheel) , 
0.65; recovery of exit velocity in diffuser, 0.65; windage 


and leakage losses 3 per cent. 





TABLE III—TOTAL EFFICIENCIES 
for Conditions Easily Obtainable 


Assumptions: 20,000 ¢.f.m. compressor intake volume at 14.7 lb. abs. and 60 deg. F. Peripheral velocity of 


turbine wheel 800 ft. per sec. 
heating 700 deg. (temp. loss 150 deg.) 


Wheel exhaust temperature 850 deg. Air temperature after pre- 








Com- Adia- Temp. Use- Temp. 
pression Turbine batic after ful rise Heat Total Estimated 

Speed gage ——- Com- Hp. com- temp. com-  de- Shaft ther- Cost 
ratio, press. Effi- pres. Com- bus- drop, bus- _ vel- Hp. mal : 

tur- Ib./ —cien- eff. pres- tion, deg. tion, oped of eff., of per 
bine sq.in. cy % Hp. q sor deg.F. F. deg. F. B.t.u.’s unit % unit Hp. 

1.8 8.10 80.0 1188 78.0 772 990 140 290 870 416 16.9 $25,000 $60 

2.0 10.5 77.5 1420 78.0 960 1015 165 315 945 460 17... 

by! 13.2 75.5 1674 79.0 1144 1043 193 343 1028 530 17.8 

2.4 16.7. 74.0 1956 80.0 1365 1075 225 375s «1124 591 18.0 ' 

2.6 2:2 72.5 2242 81.0 1620 1110 260 410 1230 622 18.1 30,000 48 





TABLE IV—TOTAL EFFICIENCIES 


for Most Favorable Conditions 





Assumptions: 


Same as Table III, excep: air temp. after preheating 750 deg. (temp. loss 100 deg.) 





1.8 8.1 85.0 1430 80.0 752 996 
2.0 10.5 82.5 1710 80.0 935 1024 
yA 13.2 80.2 2010 81.0 I1I7 1055 
2.4 16.7. 78.6 2340 82.0 1330 1089 
2.6 21.2 77.0 2690 83.0 1580 1125 
2.8 26.5 75.0 3020 83.0 1860 1160 


146 246 =. 1680 678 28.2 $30,000 $45 
174 274 ~=—«1870 775° =—-28.6 

205 305 2080 893 29.7 

239 339 «2310 = 1010 30.5 

275 375 «2554 «= 1110 330.0 : 

310 410 2790 1160 29.3 35,000 30 
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In Tables III and IV the total efficiencies 
are computed for compression ratios taken 
from Table IJ. In Table III over-all eff- 
ciencies are shown for average temperature 
conditions and moderate compressor or tur- 
bine efficiencies, while in Table IV the best 
known temperature and efficiency assump- 
tions are made. In both tables the power 
developed by a unit designed for 20,000 
cu.ft. per min. air at the compressor intake 
is computed, also an approximate cost for 
the complete unit. Total efficiencies of 
about 20 per cent are obtained in Table III 
and slightly over 30 per cent in Table IV. 
Even with speed ratios of 2.8 at the turbine 
wheel, there is no drop in total efficiency or 
increase in cost per horsepower developed. 
These figures compare favorably with those 
of steam and oil engine plants. 


Arrangement 


The principal parts of the combustion 
turbine are the compressor and the turbine, 
preferably direct coupled, as shown in 
Fig. 3. The compressor is of the multi- 
stage centrifugal type, water-cooled to ob- 
tain the most favorable performance. In 
design of this compressor, attention should 
be directed only to obtaining maximum efh- 
ciency at the operating point, and not to flat 
pressure characteristic. Since the nozzle area 
at the turbine is constant, only slight varia- 
tion of the air volume will take place. This 
will be the case even at reduced load, and 
high efficiency of the compressor at all 
loads is obtained. 

The most critical part is the turbine 
wheel. It has to operate at the highest 
possible temperature, maintain high 
peripheral velocity, and be of a design con- 
sistent with high efficiency. A radial reac- 
tion wheel will satisfy the above conditions 
best. It will be surrounded by a volute- 
shaped nozzle of double-wall construction, 
the inner wall being insulated from the 
outer, which, being cooler, relieves the 
inner one from pressure stresses. The wheel 
is preferably overhung, and exhausts axially 
into a diffuser wherein a large fraction of 
the exit velocity is converted into pressure. 


Air Preheater 


Regeneration of the exhaust heat is best 
accomplished in air preheaters like those 
now employed in boiler installations. To 
transfer the heat from the exhaust gases to 
the compressed air, a temperature drop of 
about 150 deg. F. is required. Smaller tem- 
perature drops are possible, but lead to 
excessively large and expensive apparatus. 
Too large a preheater causes an increased 
pressure drop and difficulty in regulation, 
as will be explained later. 

Operating on the counterflow principle, 
a preheater is preferably of the tubular 
type, and will require only 5 to 8 in. water- 
pressure drop in each passage, a loss which 
is less than 2 per cent on the compresor or 
turbine. The preheater must be well insu- 
lated to prevent heat losses. 





A few words may be said about the 
burner, since a few novel features are in- 
volved. With the exhaust temperature of 
the turbine kept at 850 deg., the compressed 
air will be supplied to the burner from the 
preheater at 700 deg. The burner, therefore, 
has to supply comparatively little heat as 
the temperature to be reached in the burner 
must not exceed 1,100 to 1,150 deg. Since 
no flame can be maintained at a temperature 
of less than 1,600 deg., a special burner 
must be used. To permit a richer mixture 
and consequent higher flame temperature, 
only part of the air flow will be used in the 
burner, and the combustion gases mixe 
with the rest of the air to produce the de- 
sired temperature of the mixture. 

Operation of the burner differs from the 
usual ones also in that the pressure is above 
atmospheric, which requires special pro- 
visions for ignition. To keep its size within 
reasonable limits, a comparatively high 
velocity must be maintained at the throat 
of the burner and special features are neces- 
sary to retain the flame there. While theo- 
retically any fuel could be employed, only 


gases and heavy oils should be considered 
for the present. 


Starting and Regulation 


The combustion turbine, like the recipro- 
cating motor, requires an outside source of 
power to start from rest. 

There are two methods for starting a 
combustion turbine of the type described 
here. First is a small motor driving the 
main shaft to a slow rotation, so that air 
is brought into circulation and the burner 
can be ignited. When the flame is estab- 
lished, at almost atmospheric pressure, the 
unit will gradually accelerate by its own 
power, until normal operation is reached. 

The second method requires a power- 
driven fan, blowing air into the compressor 
intake, bringing about slow rotation of the 
shaft and considerable air circulation. This 
second method requires no mechanical con- 
nection to the shaft, and permits a better 
start of the burner and more powerful ac- 
celeration of the unit. 

During the starting period, the burner 
does not receive preheated air, as the pre- 
heater lags considerably behind, and the 
fuel mixture must be made richer to obtain 
the desired combustion temperature. When 
shutting down, it is desirable to keep the 
machine in rotation for a while with the 
fuel shut off. 

To regulate the unit for a varying de- 
mand of power at constant speed, it is 
necessary to use a temporary quick-acting 
element superimposed on a slow permanent 
change. The first is a change of combustion 
temperature, the second a change of com- 
pression. A sudden drop in load may re- 
quire blowing off compressed air, to pre- 
vent a reduction of the flame temperature 
below the minimum necessary to keep the 
burner going. 

The difficulty with regulation lies pri- 
marily in the large receiver capacity of the 
preheater. Raising the pressure at the com- 
pressor will ultimately increase the power 
of the unit, but for a quick increase will 
have the opposite effect. The load at the 
compressor is increased, while the power 
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at the turbine remains the same. It is, there- 
fore, necessary temporarily to raise the com- 
bustion temperature to get increased power. 
Compression will be gradually increased, so 
that the temperature can be loweréd to the 
former safe value. Adjustment of the com- 
pression ratio can be obtained by movable 
guide vanes at the compressor without sacri- 
ficing performance. When the load drops, 
the temperature must be lowered imme- 
diately, and possibly air blown off, until 
the correspondingly lower compression ratio 
has been gradually established. 

Regulation in general is rather difficult 
when frequent and sudden changes occur, 
and a lower average temperature must be 
assumed to prevent overheating of the tur- 
bine wheel. To insure the best possible 
regulation, the receiver capacity of the con- 
necting passages between compressor and 
turbine through the preheater and burner 
must be kept to a minimum. 

It has already been shown in the figures 
of Tables 3 and 4 that the proposed com- 
bustion turbine can compare with steam 
and oil engine plants. Its application, how- 
ever, is most desirable in unit sizes below 
10,000 hp. It is very advantageous in cold 
climates, and where water is scrace. While 
suitable as a power-house prime mover, it 
is particularly adapted to variable-speed 
drive for centrifugal pump or booster in 
gas distribution systems. As a standby unit 
to be used mostly in the cold season, it is 
more desirable than a steam unit, as it re- 
quires little attention when standing idle. 
In comparison with oil engines, it operates 
with less vibration, is easier to operate and 
lower in fifst cost. 


Possibility of Future Improvements 


This outline of a combustion turbine 
would be incomplete without indicating the 
way to future improvements. The figures 
presented on performance and approximate 
costs are mostly based on assumptions dic- 
tated by the present state of the art. Con- 
siderable improvements are likely to come 
in the hydraulic performance of turbines 
and compressors, also in alloy steels suit- 
able for higher temperatures. Even small 
improvements in these two directions will, 
as has been stated before, result in quite 
material improvement of the total efficiency. 

A factor which may help to improve con- 
ditions for the turbine, is over-expansion at 
the turbine wheel to reduce the tempera- 
ture of the gases while passing through the 
blade channels. While such a condition has 
been observed, little is known of its useful- 
ness. Should over-expansion prove feasible 
without appreciable losses it would permit 
the use of a higher combustion tempera- 
ture under otherwise similar conditions. 

Should it be possible to reduce the tem- 
perature loss in the preheater from 150 deg. 
to below 100 deg. without increase of size 
or pressure drop, a further improvement 
is to be recorded. Experiments indicate that 
this is to be expected in the near future. 

Considering the various features as out- 
lined above, particularly simplicity of con- 
struction, low first cost, and economy of 
operation, the combustion turbine deserves 
today the serious consideration of buiiders 
of thermal prime movers. 

















- BASIC 


PIPING, common denominator of the power services, ties 
together all power-generating elements. 5 to 10 per cent of 
the total investment in power, it is perhaps the greatest worry 
when poorly laid out and badly maintained. To serve as a 
general introduction and compendium of basic practical in- 
formation on piping, POWER presents the following 13 pages 
compiled by R. B. Purdy and E. J. Tangerman, Associate Edi- 


tors, with the assistance of a number of authorities in the field. 


INFORMATION 


Prscepinc selection of the most suitable type of 

piping material must be a knowledge of conditions to 

which the piping system will be subjected. Severity of 

fabrication, corrosive conditions, temperatures, pres- 

sures, ease of replacement, importance of lost or de- 

layed production, temporary or permanent installation 
all have a bearing. 

Steel, wrought iron, copper, brass, and cast iron are 
the principal power piping materials. Each is produced 
with variations in chemical composition and manufac- 
turing procedure to meet specific conditions of service, 
such as strength, ductility or corrosion resistance. 

SEAMLESS STEEL PipE—Most high-pressure piping 
in power plants is seamless steel, made in sizes up to 
51 in. by the piercing process, sizes 54 to 94 in. by 
either piercing or cupping, sizes above 9} in. by cup- 
ping. Seamless pipe is normally low-carbon steel, but 
for high-temperature or other special services, it may be 
high-carbon steel, 4-6% chrome, 11-14% chrome, 
16-20% chrome, 18-8 (18% chrome, 8% nickel), 
chrome-tungsten, or various other combinations. 

RESISTANCE- WELDED STEEL PirpE—lIntroduced with- 
in the last year or two in the same range of materials 
and sizes as seamless steel and for similar service. 

WELDED STEEL PipE-—Welded steel pipe in sizes 
up to 14 in. is made by the butt-weld process, sizes 
1} to 3 in. are either butt-weld or lap-weld, sizes 3 to 
24 in. lap-weld, sizes 20 to 30 in. either lap-weld or 
hammer-weld, sizes above 30 in. hammer-weld. 

WROUGHT-IRON PipE—Wrought-iron pipe in sizes 
up to 14 in. is made by the butt-weld process, sizes 
13 to 2 in. by either butt-weld lap-weld, sizes 2 to 14 
in. by lap-weld, and sizes 14 to 24 in. by either lap- 
weld or hammer-weld. Larger sizes are either hammer- 
welded or fusion-welded. 

COPPER AND Brass Pipr—Copper and brass pipe 
are seamless cold-drawn in sizes up to 12 in. O.D., with 


standard wall thickness in sizes to 4 in. (thickness in 
larger sizes is usually to specification) . Thin-walled tub- 
ing is also available in sizes to 6 in. O.D., connected by 
flared or soldered couplings. Three brass-type alloys are 
also available, red brass (85% Cu—15% Zn), yellow 
brass (67% Cu—33% Zn), muntz metal (60% Cu 
40% Zn). The Government specifies No. 1 for hard 
service, No. 2 for less-hard service; No. 3 is not good 
tor water piping. 

Cast-IRON Pipr—Cast-iron pipe, as the name im- 
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plies, 1s cast in sizes 1 to in. It 1s available in 
smaller sizes with threaded ends conforming to steel 
and wrought-iron pipe dimensions, also in a range of 
sizes with flanged, bell-and-spigot, and plain ends. 
SPECIAL TUBULAR PRopucTs—Tubular products are 
also available in a variety of materials other than those 
previously discussed, for example, aluminum, alumi- 
num alloys, Monel metal, Admiralty metal, stainless 
steel, asbestos, fibre, rubber, lead, glass, wood, and tile. 
Some of these piping materials are unknown in power 
plant systems, while others are used extensively but are 
confined to specialized services or particular equipment. 


Manufacturing Methods 


BUTT-WELD PROcESs—Strip steel or wrought iron, 
called ‘'skelp,”” is rolled to a specified length, width, 
and gage, with edges beveled. This is curled into a 
tube with mating edges which are hot enough so that 
die pressure welds the joint. Two sets of rolls then 
size, descale and straighten the pipe. Used for low- 
pressure services, weld efficiency being about 70%. 

LAP-WELD Process—Skelp is heated, its edges 
scarfed, and it 1s passed through a ring die (or rolls in 
larger sizes) which forms it into a cylinder with over- 
lapping edges. Semi-circular rolls force the scarfed 
edges together, weld them over a mandrel, and roll the 
weld to normal pipe thickness. The pipe is then sized. 


Typical pipe types, showing form of material 


Piercin 
. Cupping-tstcup 


Rotating 
electrode 


Butt Lap Hammer 
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descaled and _ straightened. 
Permitted by Pressure Piping 
Code up to 400 Ib. pressure 
at temperatures to 750 deg. F. 
Weld efficiency 90%. 

HAMMER - WELDING—Used 
on large sizes. A flat plate 
is rolled as in tank manufac- 
ture to a cylinder with over- 
lapping edges. A short sec- 
tion of edge is heated and 
welded at a time. The finished weld is hammered 
to plate thickness, then the pipe is annealed, sized, 
straightened and descaled. Weld efficiency 90 to 95%. 

RESISTANCE WELDING—Rolled skelp is formed into 
a cylinder which is passed between rolls with a pair of 
large-diameter copper rolling welding electrodes just 
ahead. Abutting edges are welded, then pipe is rolled 
to size and straightened. Weld efficiency equivalent to 
pipe wall or 100%. 

SEAMLEss—Steel bars with centers marked are heated 
almost white hot, then forced between rolls revolving in 
the same direction and skewed. They produce a crack 
at the center which is forced over a mandrel to form a 
rough cylinder without a seam. This is smoothed up, 
descaled, and rolled to size, making hot-finished seam- 
less pipe. Cold-drawn pipe is similarly made, except 
that sizing is done by drawing a tube cold through rolls. 

The cupping process begins with a flat circular 
plate punched to a rough cup. Subsequent heatings and 
punchings elongate the tube, reduce diameter and wall 
thickness. The cup is then cut off the end, the pipe 
annealed, rolled and descaled. 

FuUsION-WELDING—The plate is rolled to a cylinder 
and the abutting edges welded with an electric arc 
or oxy-acetylene torch. This method is usually limited 
to large-diameter pipe or for very heavy gages. 

ForGED Pipr—Forged pipe is used occasionally for 
exceptionally difficult services, particularly under ter- 
rific hydraulic pressures. It is made by forging a blank 
of the desired size and shape, then boring and turning. 
Flanges or outlets are machined from solid. 

To the initial cost of pipe must be added transporta- 
tion, fabrication, erection, fittings, and overhead. 
Amortization and maintenance must also be considered 
to determine which type of pipe will cost least during 
the useful life of the system. The cost comparison of 
commonly used piping materials as given below will 


Recommended Gasket Materials 





luid Conveyed 


Service Gasket Material 





| Exhaust 
Satur 


TEAM 


ated 


Comp. asbestos 
Comp. asbestos or corrug. copper 


Also Boiler , Superheated—up to 600 deg. F. Comp. asbes., corrug. Monel or 
Blowoff ) soft steel 
| Superheated—over 600 deg. F. Soft steel, Monel or silver (thin) 
{| Boiler feed Comp. asbes., corr. copper or Monel 
| Hydraulic Hard fiber 
ATER { Cold-circulating Cloth inserted or red rubber 
ina } Suction and discharge Red rubber or oiled paper 
| Service, city and fire (small) Red rubber 
Hot Comp. asbestos 
| Heavy cold Paper or comp. asbestos 
ILS | Light—-gasoline, kerosene Asbestos impreg. with graphite, 
: ) paper, bakelite 
| Benzol Composition asbestos 
Pp - saa § Hot Composition asbestos 
IRANDGAS j4 . : 
AND GA } Cold Comp. asbestos, red rubber 
. { Hot Thin asbestos 
MMO? : 2 
IMONTA ) Cold Sheet lead 
‘IDS Sheet lead or alloy steel 
RINI Red rubber 





form a starting point, provided proper consideration is 
given to the other factors already enumerated. 


(Base 2-in. p.s.—open-hearth steel as 1) 


Open-hearth Steel Pipe (Threaded and Coupled)..... 1 
Seamless Steel Pipe (Threaded and Coupled)........ | 
Wrought Iron Pipe (Threaded and Coupled)......... 1 
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In any power plant piping system, several types of 
pipe may be required. Due to the many kinds of pipe, 
need for good specifications is apparent. Standard 
specifications preclude misunderstanding and save time. 
Specifications listed are those generally recognized by 
pipe manufacturers and fabricators. Copies are avail- 
able from associations or pipe manufacturers. 


Principal Standard Pipe Specifications 


Steel 

Std. Spec. for Welded and Seamless Steel Pipe (B36.1-1934) 
[A.S.T.M., A53-33] 

Tent. Std. Spec. for Lap-Welded and Seamless Steel Pipe for 
High-Temp. Service (B36.3-1934) [A.S.T.M., A106-34T] 

Tent. Std. Spec. for Elec. Fusion-Welded Steel Pipe, 30 in. 
and over (B36.4-1934) [A.S.T.M., A134-32T 

Tent. Std. Spec. for Elec. Resistance-Welded 
(B36.5-1934) [A.S.T.M., A135-32T] 

Tent. Std. Spec. for Forge-Welded Steel Pipe (B36.6-1934) 
[A.S.T.M., A136-34] 

Tent. Std. Spec. for Lock-Bar Steel Pipe (B36.7-1934) 
[A.S.T.M., A137-34] ; 
Tent. Std. Spec. for Riveted Steel & Wrought-Iron Pipe 

(B36.8-1934) [A.S.T.M., A138-34] 
Tent. Std. Spec. for Elec. Fusion-Welded Steel Pipe, 8 to, 
but not inc., 30 in. (B36.9-1934) [A.S.T.M., A139-34T] 
A.S.T.M. Spec. for Steel Suitable for Welding A151-33 
Amer. Petroleum Institute Line Pipe Spec. Std. No. 5-L 
Amer. Petroleum Institute Pipe Spec. Std. No. 5A 


Steel Pipe 


Wrought Iron 

A.S.M.E. Boiler Code Spec. for Welded Wr. 
S-19) 

A.S.A. Spec. for Welded Wrought Iron Pipe (B36.2-1934) 
[A.S.T.M., A72-33] ae 

Fed. Spec. for Pipe; W.I., Welded, Black & Galv. (WW-P-441) 

U. S. Navy Dept. Spec. for Pipe, Iron, Wrought (44-P-lic) 

Amer. Ry. Ass’n., Mech. Div., Spec. for Welded W.t Pipe 

Amer. Petroleum Institute Stds. for Line Pipe (No. 5-L) 

A.P.I. Stds. for Casing, Drill Pipe and Tubing (No. 5-A) 

Amer. Stds. Ass’n. Spec. for Riveted Steel & W.I. Pipe 
(B36.8-1934) [A.S.T.M., A138-34] 

Flanges 

Amer. Std. for C.I. Flanged Fittings 
Bi6éa for 125 1lb., B166 for 250 Ib.) _ 

Amer. Std. for Steel Flanged Fittings and 
Flanges (Bl16e-1932) ae 

Amer. Std. for 800-lb. (Hydraulic) C.I. Flanged Fittings 

Bolting Materials 

A.S.T.M. Std. Spec. A96-27 

Amer. Tent. Std. for Wrench-Head 
Wrench Openings 


I. Pipe (Des. 


(B16b-2 for 25-lb., 


Companion 


Bolts and Nuts and 
BoLtT AND Nut MarTertats—While the average 
flanged joint uses low-carbon steel or wrought iron 
bolts with square heads, for pressures over 160 Ibs. and 
temperatures above 450 deg., they should be alloy steel, 
heat-treated, as in A.S.T.M. Specification A 96-31. 
This standard shows three classes, Class ‘‘C’’ for condi- 
tions over 400 Ibs. gage and/or 600 deg. F. At high 
pressures and temperatures it is customary to replace 
the headed bolt with a stud threaded for its full length, 
carrying hexagonal nuts at both ends. There are also 
special bolt materials for heavy-duty or corrosives. 

The usual nuts are mild carbon steel produced ac- 
cording to the American Standard for Heavy Semi- 
Finished Nuts B-18b, and are of the cold-punched, 
hexagonal type. With alloy bolts, semi-finished, 
chamfered and trimmed nuts made according to 
A.S.T.M. Specification A 96-31 should be used. The 
material for such nuts must not include more than 
0.045% phosphorus for Class 1 (high-pressure) serv- 
ice. For temperatures above 750 deg., hot-forged, cold- 
trimmed nuts being used, with Nitralloy washers. 
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—DESIGN AND LAYOUT 


I: A piping designer were concerned only with the 
primary purpose of piping—transportation of a fluid 
‘rom here to there—his job would be easy. But he 
must consider many other factors, and these become at 
times both difficult and important. Too often, for ex- 
ample, ease of operation and appearance are overlooked 
in the effort to design the least costly piping system 
consistent with safety, reliability and operating flexi- 
bility. 

The starting point in the design of any system of 
piping, whether for main or auxiliary steam lines, 
heating systems, boiler feed, condensate or service 
water, should be a line diagram showing all equipment 
to be connected and all valves required. Right here, 
operating flexibility must be considered and balanced 
against its cost. One must here decide whether to pro- 
vide a double or loop header arranged so that mainte- 
nance can be carried out without interfering with gen- 
cral plant operation, or a single-header system arranged 
to that any small repair means a major shutdown. 

Between these extremes is a middle course which 
yields an economical, yet sufficiently flexible and re- 
liable, system. The tendency is toward greater sim- 
plicity and a corresponding willingness to face the 
possibility of a partial shutdown in case valve or pipe 
maintenance becomes necessary. This perhaps is an 
outgrowth of the better and more reliable valves, pipe, 
joints and fittings now available. 

In making up these diagrams don’t overlook future 
plant additions; arrange the piping for easy extension 
to serve new equipment. 

The next job is to determine the pipe sizes and 
weight of pipe. For all ordinary service conditions the 
dimensions of flanges, fittings and pipe have been 
standardized. American standards exist for 125-lb. and 
250-lb. cast-iron fittings, and tentative American 
Standards for steel fittings and A.S.T.M. specifications 
106-33T for seamless steel pipe for 250-, 400-, 600-, 
900- and 1,500-Ib. steam pressures at 750 deg. F. In 
general, these Standards are fully equal to the 
operating conditions for which they are rated. Thus, 
sclection of pipe, flange and fitting dimensions is 
merely a simple choice of the proper standard. 

Consider, however, the nature of service. For ex- 
ample, a pipeline carrying high-temperature steam that 
is to be cut in and out of service at frequent intervals 
should be of heavier pipe than would normally be 
selected. This is particularly true for small-sized pipe 
where screwed connections are used, In any sizeable 
job where different pressures and fluids are involved, it 
is worthwhile to make up a schedule of pipe, flange 
and fitting dimensions used in different services. 

Pipe size must, of course, be based on the volume 
of the fluid to be carried. The size must be such as 
will result in reasonable velocities and pressure drops 
of the fluid flowing. The following table gives veloci- 
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ties which experience indicates are reasonable for 
various services. 


Velocity, 


Steam Ft. per min. 
bOlter TOROS 2... . 4 ccs casarwe ees ; . 6,000 to 12,000 
BURRMIORS Oo ere cides; hale e-alb aids ba diese .. 6,000 to 8,000 


BYTAnGn EMES cc 5. ve csowalees ie caren 6,000 to 15,000 

[SP-C DS a) CC an ne a a 6,000 to 15,000 

Saturated steam for heating...... . 4,000 to 6,000 
Water 

Boer £66) ..5.45%%% Ose Bing ree 180 to 600 

CORCrAl SCEVICe™ Ski dsc a seen eas 300 to 600 

CEN teen I tei Se Sg 8d afhcion, cl ieee eC. dete 120 to 300 


It is possible in many cases to determine the pipe 
size by economic analysis. For example, consider the 
case of piping to supply steam to a turbine. The smaller 
the pipe installed the less its first cost and yearly carry- 
ing charge. But the smaller the pipe the greater the 
pressure drop, which increases the turbine steam rate 
and hence the cost of fuel per kw.-hr. With given cost 
of fuel and load factor, a pipe size can be found which 
will result in the lowest total fixed charges on cost of 
pipe and insulation, and cost of fuel for supplying 
steam to the turbine. In some instances limited allow- 
able pressure drop will determine pipe size. 

With these preliminaries completed, the designer ts 
ready to lay out the system to meet the physical require- 
ments of the plant. Drawings and specifications that 
he makes should be complete and leave nothing to the 
imagination. There are usually a great variety of ways 
the piping can be run, but the designer must remember 
that his work will be judged by the reliability, appear- 
ance and ease of operation of the installation, Ease of 
operation is often neglected and, as a result, the opera- 
tor finds it necessary to set up a stepladder or crawl 
over a maze of piping to operate certain valves. All 


More and more piping is being welded, utilizing 
tube ends and welding-neck valves and fittings. This 
is some of the H. T. piping for Connors Creek. 
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>> valves should be as accessible 
~ as possible; those operated 
% regularly should be within 

, easy reach, or remote control 

| provided. Valves used regu- 
') larly require repair, and space 
jf for maintenance should be al- 

4 lowed when location is 
hs i chosen. Arrangements of by- 
passes should be such that the 

purpose of each valve is evident at a glance. 

Much can be done in the early design of a power 
plant to help in securing neat and well-appearing 
piping by providing pipe galleries and by considering 
piping when locating turbines, pumps, heaters, etc. 
Assembly drawings are almost a necessity to good ap- 
pearance, and in large installations a model of the plant 
including the main piping repays its cost by eliminating 
many mistakes (See page 59). In general, elbows look 
better than bends, and pipe run out at 45 deg. should 
be avoided. Piping should run parallel or perpendicu- 
lar to the axis of the plant and should be kept in a 
single plane as far as practicable. Where clearances are 
close, the designer should remember to provide room 
for flanges and insulation. Of course, welded piping 
takes up less space. 


Provide for Expansion 

All power piping is subject to teraperature changes. 
While this is particularly true of steam piping it is true 
also of service-water piping where temperature changes 
of 60 deg. may be encountered between winter and 
summer conditions. Temperature changes cause changes 
in the length of pipe. Unless provision is made to ac- 
commodate them, severe and dangerous stresses and 
thrusts may damage the pipe or connected equipment, 

It is casy to figure the change in length of a run of 
pipe with temperature change, which should be taken as 
the maximum possible. When the average coefficient of 
expansion of the pipe material is known, change in 
length may be found from the formula D ba es 
(/ /,)* where D is increase in length in inches, 
L length of pipe line in fect at temperature /,, ¢, and ¢. 
initial and final temperatures and C average coefficient 
of expansion, 


Average Temperature 
Metal Coetticient Range 
Cast Lron 0.00000653 0 300 
SS, Ne oe O.00000T756 0 500 
Wrought Iron 0.00000716 ()} — 300 
Brass 0.0000101 0 250 


There are two ways in general use for taking care of 
flexibility of the 
piping system obtained either by expansion loops and 
bends or change in direction. When space is 


expansion: 1—expansion joints; 2 
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limited creased and corrugated bends may provide a 
solution. The analysis necessary to determine the ex- 
pansion a piping system may safely stand due to its 
own inherent flexibility are too complex to explain in 
these articles, and should be entrusted only to a spe- 
cialist in this field. Methods of analysis have been 
Guite completely treated in the ‘‘Piping Hand Book’’! 
and a practical graphical method is given in ‘A Manual 
For The Design of Piping For Flexibility by The Use 
of Graphs.”* Designed pipe flexibility is used to absorb 
expansion in all high-pressure piping systems. 

Combinations of welding elbows and_ straight 
lengths of pipe are also being advocated for expansion. 

For lower pressures (up to 250 to 350 Ib.) expan- 
sion joints are in general use. These are of two types: 
slip type and packless joints of corrugated metal or 
rubber. When expansion joints are used, pipelines 
should be well supported and guided so that no bind- 
ing in the joint will occur as the pipe expands and con- 
tracts. Slip-type joints usually permit more movement 
than the packless joint, but packless joints can be in- 
stalled in less space. 

Before expansion stresses can be calculated, it ts 
necessary to decide upon points of fixed and sliding 
anchorage and the means of pipe support. Fixed 
anchorages are usually made at important junction 
points and are designed to fix the pipe vertically, trans- 
versely and longitudinally. 

In general, it has been more convenient to support 
power-plant piping on hangars or on brackets from 
building columns. Piping run in tunnels, however, 1s 
usually supported from below, In either case the sup- 
ports must be arranged to permit movement of the 
pipe. Hangers should always be arranged to allow ver- 
tical adjustment. Each support should be strong enough 
to hold its share of the pipe and insulation when filled 
with water. With solid hangers a safety factor of 10 
should be used, because pipe expansion sometimes lifts 
it clear of one or more hangers, thus concentrating the 
weight. With spring hangers, the safety factor can be 
cut to 5, as these types compensate for pipe movement. 
Certain special patent hangers are designed to permit 
the line to move up and down while they exert a con- 
stant supporting lift. With ordinary spring hangers 
the supporting lift of the hanger decreases as the pipe 
moves vertically and the springs close. 

Supports should be spaced and adjusted so that drain- 
age is assured and pipe deflections will not form 
pockets. The chart on page 92 will help to determine 
the proper distance between supports. 

*A more complicated but more precise equation for calcu- 


lating expansion is the Holburn & Day formula given in 
“Piping Hand Book.” 
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Sway bracing should be used to prevent pipe vibra- 
tion and to keep the lines in place. These are particu- 
larly necessary on boiler feed lines where violent vibra- 
tions often result from surges caused by sticking control 
valves, air bound pumps and other causes of water 
hammer. 


Pipe-Line Drainage 


All piping, whether for water, air, saturated or 
superheated steam, should be arranged for drainage. 
In water piping drains should be provided for each 
section of the system, so that the line may be emptied 
of water when repairs are necessary. In the case of 
steam lines, however, drains and trap connections must 
be provided to keep the line free from condensate 
whenever it is in operation. Drainage piping should 
not be less than $ in. Steam piping should be arranged 
so that pockets are avoided as much as possible. When 
they are necessary they should be well drained. Lines 
should be installed with a uniform grade of 1 in. in 
20 ft. so they will drain to a definite point. Better 
drainage is obtained if the lines are sloped in the 
direction of steam flow. Particular care should be taken 
in locating valves to see that condensate will not ac- 
cumulate on top of the valve when closed; if such loca- 
tion can not be avoided ample drain facilities must be 
provided. Neglect of this point will cause trouble, par- 
ticularly in the case of valves in boiler leads and tur- 
bine or engine stop valves. 

Although little condensate collects when superheated 
steam is flowing, such lines should, nevertheless, be 
provided with drains, as considerable condensate will 
collect when superheated steam lines are shut down. 
This must be removed before the line can be put in 
service again. Open blows are essential in warming 
up steam lines to insure expulsion of air and conden- 
sate. 

Whenever a steam line approaches a turbine or en- 
gine from above it is good practice to provide a drip 
pocket with drain connection at the bottom. In fact the 
bottoms of all vertical risers should be trapped. Success- 
ful operation of steam and oil separators depends 
largely upon the reliability of the drain facilities pro- 
vided. Drip and trap piping operates under more 
severe service conditions than the main piping and for 
this reason is often made of heavier standard than the 
main piping. 

An essential factor in the economical installation and 
successful operation of a piping system is the valves 
sclected, and any discussion of piping without consider- 
ing valves would be incomplete. However, in the 
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pertaining to valve selection can be given, Globe valves 
are used in those places where throttling is a service 
requirement. Globe valves are seldom used in water 
lines because of pressure drop through them. Gate 
valves are used where pressure drop is a consideration 
and in locations where the valve will be either wid 
Open or completely closed. Control valves (globe) 
should be preceded by gate valves located usually near 
the header so that the line can be shut tightly for repair 
to the control valve. When a valve is subject to severe 
cutting a guard valve, usually a gate, should be pro 
vided for tightness such as is done for boiler blow-off 
connections. 

Check valves should be installed at the discharge ot 
all pumps that deliver to a common header to auto 
matically prevent back flow when the pump is shut 
down. They should not be counted upon to be tight, 
and a gate should be used with them. Check valves 
should be used at the feedwater inlet to the boiler. 
with gate valves on either side, and in drip lines that 
discharge to a common header or receiver. 

Small valves, as used for instrument piping, drip 
connections, etc. are usuaally globe valves. It is good 
practice to install a valve close to the point where in 
strument piping connects to the main piping, and an 
open blow connection, with valves on both sides of it, 
at the instrument. This arrangement permits blowing 
out the line without danger of injury to the instrument. 
It also provides a place for checking accuracy of the 
instrument. 
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ONCE a piping system is 
laid out, the tyro considers 
his troubles over. But anyone 
who has ever installed piping 
knows better. No matter how 
detailed was design, there 
will be cases where two pipes 
try to occupy the same space 
at the same time, where joints fail to fit together, where 
piping has been entirely forgotten. In fact, in many 
industrial power installations, designers simply indicate 
where auxiliary piping is connected and make no effort 
whatsoever to show where the lines themselves are to 
be placed. Thus the pipe installation gang has the two- 
fold task of correcting mistakes that occur in design 
end layout, and of doing empirical design on the job. 

First essential of sound installation is proper super- 
vision. Fabricating companies have achieved this result, 
plus coordination between designing and _ erecting 
groups, by placing onc engineer in charge of a job, his 
being the responsibility from preliminary layout to 
final testing. This man is thus at all times thoroughly 
familiar with the job and the reasons for doing certain 
things and for not doing certain others. With this 
background he can anticipate difficulties of the erect- 
ing crew.and make the necessary changes before the 
work has advanced so far that correction is costly. 

First essentials of good installation are sound equip- 
ment and safe rigging. Good lumber or staging, an- 
nealed chains, fairly new rope, unspread wrenches, 
clean sharp threading dies, goggles (where chipping is 
required), tight-headed hammers and sledges, socket 
wrenches if possible, varied cutting-torches and a wide 
varicty of tips for welding torches where welding is to 
be done—these are all worthwhile investments for 
trouble-free installation. In fact, a list of necessary 
tools for proper pipe-fitting may not be amiss, even in 
this restricted space. They are: 

Brick-cutting, cape, diamond-point, round-nose, cold and 
wood chisels; 4x12-in. and $x24-in. star drills; set of twist 
drills and auger bits to 1 in., expansion bit with feeler bit 
and brace (ratchet type) ; screwdriver : level; plumb-bob; 
snips; set of hex wrenches for radiator rods; stock and dies 
¢-1 in., 1-2 in. and for bolts; pipe taps; cutters for 8-1 
in. and 1-2 in. pipe: reamer; vise; a good workbench; oiler; 
flat and half-round files; hacksaw and blades; handsaw ; 
compass saw; pliers; radiator spud wrench; radiator bar 
set; 10 in., two 14-in., two 18-in., two 24-in. pipe wrenches ; 
10-, 14-, and 18-in. monkey wrenches; claw-, 14-lb. ball- 
peen, 23-lb. hammers; sledge; 30-in. wrecking bar; steel 
tape; 6-ft. rule; combination }-in. tap and drill, blowtorch. 

In addition to this kit, the crew will require spe- 
cialized tools depending upon the type of piping being 
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—INSTALLATION 


installed, such as chain wrenches for large-diameter 
screwed-joint pipe, open-end wrenches, etc. 

Threading is a simple task for the pipeman who 
keeps his dies clean, sharp and new and uses good 
stocks or threading machines in proper condition, with 
proper lubricants. Complete information on thread- 
ing can be obtained from handbooks, piping manufac- 
turers or equipment makers, showing approved methods 
of handling given types of equipment, how long a 
thread is to be run and other pertinent data. Threads 
should be clean—on a high-pressure line a scratch 
across the threads may cause failure. Joints nowadays 
are most often made up with graphite and oil, although 
Smooth-on or litharge and red lead are also used. 

Bending is a specialized field, the best advice for 
any installer being the suggestion that he find a man 
with a good background of experience, then hang onto 
him, for even good pipe-bending equipment is of 
little value in the hands of men unskilled in its use. 
Larger sizes of pipe are usually supplied bent to shape 
nowadays, the only task for the erector being an occa- 
sional slight rebending to suit slightly altered layouts. 
It is essential that mating edges meet exactly to avoid 
joint failures under temperature and pressure. During 
installation, a suitable pipe-bending table should be set 
up, formed either of structural shapes or of cast-iron set 
in concrete. Holes or clamps are provided so that suit- 
able stops can be set up, around which the pipe is to be 
bent. Small pipe can then be bent around the stops by 
hand, larger sizes may require block and tackle, hoist, 
or crane. A simple heating furnace should be provided; 
one can be built easily of refractory brick sidewalls, 
with hinged top and drop-end curtains of asbestos. 

Where many small sections of pipe are to be bent, a 
small bending machine may be a good investment. One 
company had an air cylinder a piston with a semi- 
circular-grooved roller at its end. This passed in and 
out between two similar rollers on the ends of a U- 
frame of plate. Thus pipe sections could be bent at any 
angle or combination of angles up to a full U bend, 
and the semi-circular grooves prevented kinking. 
Smaller sizes may be bent cold, larger sections, or those 
subjected to pressure or temperature should be heated. 

In bending, flanging or other working, the erector 
must remember the characteristics of various types of 
pipe-—the tendency, for example, of butt-welded and 
lap-welded pipe to split open 

Flanged joints require careful alignment, not only 
of the pipe sections in contact, but of the bolt-holes in 
the flange faces, so that no twisting or cocking strains 
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re introduced. Flange bolts should be taken up in 
jefinite order, a little at a time, rather than attempting 
o pull one or two up tight and then spin the others in 
by hand. Threads on flange bolts should be reasonably 
right, but not so tight that excessive pressure is required 
to overcome thread resistance. If such bolts are used, 
the effort that is supposedly going toward pulling the 
flange up tight may be wasted in overcoming thread 
friction and the joint itself may be loose. Flange bolts 
should never be pulled up with a monkey wrench or 
sprung open-end wrench, both because of the danger 
to the erector and because of the battering up of the 
nut faces. Either substantial open-end wrenches or 
socket wrenches should be used. 

In hanging pipe, it is essential that the section fit 
naturally into the hangers, and considerable time should 
be put in adjusting them to make certain that the sec- 
tion is hanging in proper alignment before any bolting 
up is done. To do anything else simply invites trouble. 
Spring-type hangers should be carefully adjusted so that 





they carry nearly equal loads, otherwise when a 
stress comes on, one spring may be overloaded and 
fail. Pipe clamps themselves, rather than being battered 
onto the pipe into a rough circle, should be forged in 
a semi-circular die. Proper pitch of a run of piping is 
also an important job of the erector; he must be certain 
that the pipeline carries enough pitch so that it will 
drain properly (see page 93). 

There are several small points that should be ap- 
parent to any good erector, yet a surprising number of 
times it is just such small mistakes that cause later 
trouble. One is to clean out every section of piping 
before it is put up—blowing or brushing out (as far 
as possible) any loose scale, turnings, bits of oily waste 
or dirt that may have gotten inside. Another is to ream 
every pipe end. Another is to be certain that valves 
face correctly when they are installed; more than one 
job has caused trouble because a valve was put in back- 
wards. Another is to build a small scale model where 
complicated piping is to go in. 


—INSULATION 


Tas article can only touch the high spots, for lack 
of space. Detailed information and dependable appli- 
cation specifications are given in the catalogs of estab- 
lished manufacturers, 

Pipe covering serves first as a barrier or dam to the 
flow of eat. At the same time it must not deteriorate 
at the temperature of the pipe. Other requirements 
for a good pipe covering for hot or cold lines are: 
practically air-tight application (absolutely air-tight in 
case of cold lines) ; sustained strength; ability to resist 
occasional wetting; ease of application; ease of removal 
and reapplication without damage; good appearance. 

For the insulation of hot water and steam lines in 
industry, there is little place for the cheap “‘air-cell’’ 
types of asbestos insulation used on domestic jobs. 
Suitable insulations for these jobs include “85% mag- 
nesia,”” felted asbestos, various types of mineral wool. 
Perhaps most widely used in this service is molded 
85% magnesia—a non-proprietary product of several 
manufacturers. 

Molded insulation for small pipes comes in 3-ft. 
sections cut in half and covered with light-weight 
pasted canvas. For a first-class power job the halves are 
bound in place with loops of 16-gage annealed iron 
wire, covered with rosin-sized sheathing paper, then 
with 8-0z. canvas sewed in place with linen thread. 
The canvas is then glue-sized and painted with two or 
more coats of oil paint. 

The “standard” thickness covering referred to in 
Table I is primarily an “85% magnesia” standard. It 
is about 1 in. for pipes less than 4 in.; 14 in. for 4-in. 
pipe, 14 in. for 
8-in., 14 in. for 
12-in. and 


applied one over the other, with all joints staggered, 
The inner layer, without canvas, is separately wired. 

Very large pipes (as well as drums of heaters, boilers, 
etc., are lagged with molded blocks, machined to fit 
curvature, wired in place, covered either with hard- 
finish cement or with sheathing paper and sewed 8-oz. 
canvas, Large fittings, flanges, etc., are often covered 
with casings built up of insulating blocks and cement, 
wire reinforced. They may be made removable. Small 
fittings are insulated either with cement or with pre- 
molded covers. Pipe bends are insulated with short 
pieces of block or sectional covering, wired on, filled 
with insulating cement and covered with hard-finish. 

Ordinary asbestos and magnesia insulations begin to 
disintegrate at 550 or 600 deg. For higher steam tem- 
peratures use an inner layer of high-temperature molded 
insulation (See Table) or use a straight mineral-wool 
insulation adapted to high temperature. 

The good insulating qualities cheaply obtainable with 
felted hair or wool can be utilized in the case of pipes 
carrying somewhat warm or somewhat cool water, the 
former not hot enough to destroy the organic matter, 
the latter where the principal object is to prevent sweat- 
ing in humid weather. 

In the case of refrigerating piping, good insulating 
value and right thickness are no more important than 
air-tight application. Entering air will deposit frost 
and eventually ruin the insulation. Application requires 
skilled use of sealing-compound layers between layers 
of insulation. This is distinctly a branch for specialists ; 
they should always be called in on any important job. 


Approximately Recommended Thicknesses for Insulation 
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St'd=Standard Thickness. 


D. S.=Double Standard Thickness. 
H.T. = Inner Layer of special molded high-temperature insulation. 











—MAINTENANCE 


CORROSION is the mainte- 
mance man’s worst enemy. 
Anything he can do to pre- 
vent it—tighter joints, sys- 
tem redesign, changed ma- 
terials or operation—redounds 
to his own advantage. Dis- 
solved oxygen comes first as a 
ceuse Of power piping corrosion, particularly in hot 
tcedwater lines. The remedy is to keep oxygen out of 
the system or take it out with deaerating heaters. Feed 
heaters should be amply vented and vacuum-type heat- 
ing systems kept tight against air infiltration. Men 
should be cautioned against hunting for H. T. steam 
leaks by passing hands over joints. H. T. steam is in- 
visible and burns very seriously almost instantaneously. 

Most important is frequent routine inspection, 
which, with orderly scheduled maintenance, will avoid 
emergency repairs. Units requiring regular repacking, 
inspection or cleaning should be provided with bypasses 
or be in duplicate as should vital valves and auxiliaries. 
Steam, feed and service water lines which must be 
kept in service at all costs should likewise be in dupli- 
cate. If traps on the dead side of a duplicate system fail 
to operate (if the system is kept alive or valves leak) 
pipes will fill with water and cause leaky joints. Traps 
should be installed with shut-off valves or bypasses. 

No maintenance man can work successfully without 
proper tools and supplies. This means that he must 
have lengths of pipe of the sizes, types and materials he 
must replace, plus an ample assortment of fittings, 
valves and gaskets (see page 82). Packings for joints 
and valve stems, reseating tools, a supply of good lum- 
ber for scaffolding and supports (instead of the usual 
reused and dangerous odd bits) annealed chain and 
several sizes of rope should supplement the usual pipe- 
fitter’s tools, as well as equipment for detecting leaks 
in refrigerant lines and determining stresses in flange 
bolts on high-temperature lines. 

Even the heavy forged high-temperature steam lines 
at Deepwater Station (Tex.) are arranged for periodic 
dis-assembly. The fabricator drilled and tapped each 
nut for an Alemite fitting through which rust-prevent- 


ing lubricant could be shot before any attempt at taking 
down. Differential expansion in this class of service ts 
a terrific maintenance problem, requiring special flange 
designs or the increasingly popular shift to welding. 

Important in maintenance is the difficulty of remov- 
ing a pipe section. Tongue-and-groove or male-and- 
female flange joints (except large V. S. where flanges 
can be slipped back) require wedging apart of abutting 
flanges. This should be done at the next flange or 
support to avoid damaging machined faces. One com- 
pany does not insulate flanges, claiming that thus 
gasket leaks can be detected more readily. Large 
diameter thin-walled pipe should be handled carefully, 
and if threaded be set up by all-around wrenches in- 
stead of the usual 2-jawed types to avoid crushing. 
Socket wrenches are preferable to open-end or adjust- 
able wrenches for removing or tightening flange bolts. 

Proper system design, correct hanger spacing and 
enough expansion joints will avoid vibration. Ex- 
pansion joints are a vital element in maintenance. 
Sometimes there is trouble with an expansion bend 
which does not fit accurately, meaning a change in the 
bend. Sleeve-type expansion joints require regular 
lubrication and repacking. Pipe hangers, spring 
hangers and anchors must be inspected regularly to 
avoid shifting and bad stresses or failure, and one 
man should be trained for their particular repair. New 
pipe, before installation, must be cleared of dirt and 
dirt pockets must be cleaned out of old pipe periodi- 
cally, particularly in heating systems. 

Some standard system of pipe identification is im- 
portant. Pipe lines normally should be painted to 
match the color scheme of the plant or building, even 
if insulated. Metallic paints reduce heat emission on 
hot bare pipe. Wood, lead, tin, zinc, bitumastic and 
other tarry compounds, paints and more recently, rub- 
ber, have been used as protective coatings against cor- 
rosion and erosion (for example in rubber-lined ash- 
sluicing systems) but engineering opinion is about 
evenly divided on their value. The best bet is to find 
out what’s happened in nearby plants. 

Basic in maintenance work is proper makeup of 
joints. Procedure is given on page 86. 


—JOINTS 


Pi designers have supplied so many types of 
joints, cach with its particular virtues, that the power 
engineer is in a quandary. On the facing page are 25 
common joints for power service and process piping, 
each with its virtues, each with its faults. 

While the primary purpose of any pipe joint is to 
withstand internal must also withstand 
possible stresses due to bending, expansion and con- 
traction, line load, over-rigidity of the system, unequal 
initial tension in flange bolts, poor machining (far too 
often, facing the backs of Van Stone laps is neglected, 
giving poor flange alignment), unparallel flange faces 


pressure, it 


even poor basic design. Any of these are likely to 
impose stresses far above those created by internal pres- 
sure. In screwed joints, factors of safety must provide 
liberally for corrosion. 

Major piping systems, particularly those for high 
temperatures or pressures, should be designed by spe- 
cialists. 

On the bottom of the facing page are a few typical 
fittings for each important assembling method. In this 
connection, it should be mentioned that a number of 
special patented fittings are available for use with non 
ferrous materials or stainless steels for ordinary service. 
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SCREWED COUPLING 

Smaller sizes, low T. and P. 
T. changes cause high main- 
tenance. Threading cuts 
strength and thickness 40%. 


UNS 


ANNAN eo 





SCREWED C.I. FLANGES 
Inexpensive, good for low 
P, and T. under 12-in. dia. 
Lacks ‘strength. Low gas- 
ket pressure; easy blowout. 


TYPICAL JOINTS 


\ 





V-TYPE BUTT WELD 
Increasingly common. Re- 
quires skilled welders, care- 
ful allowance for T. expan- 
sion, support and anchoring. 
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RAISED FACE—C.I. 
Higher unit gasket pressure 


but must be bolted up care- . 


fully to avoid cracking. 
Never mate with steel flange. 
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V-TYPE, CHILL SLEEVE 
Sleeve inside joint avoids 
“icicles’’ from welding but 
reduces internal diameter. 
Also for high T. and P. 





RAISED FACE—STEEL 
Better strength, same coef. 
of expansion as_ pipe. 
Flanges refaced after on 
pipe to avoid distortion. 
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BELL-AND-SPIGOT 
Avoids icicles without re- 
ducing internal diameter. 
Small sizes. Requires pipe 
belling. Harder to erect. 








TONGUE AND GROOVE 
High gasket pressure and 
locks gasket. High T. 
changes crush gasket or mush- 
room tongue. Hard to erect. 
cf. 
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EXTERNAL SLEEVE 
Upper type gives smoother 
surface but weld must be 
ground off. Lower retains 
bead. Both costly, doubtful. 


More rigidity, avoids ex- 
cessive gasket pressure, but 
dificult to lay out, erect, 
maintain, Gasket nearer bolts. 
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SCREWED AND WELDED 
Steel flanges. Avoids thread 
leakage, but heat of welding 
causes trouble. Flanges should 


be refaced after welding. 


N; 


SARLUN JOINT 
No gasket, but machined faces. 
Lips seal-welded. Hard to take 
apart; then requires remachin- 
ing or gasket. 


MALE AND FEMALE 
FACING 
Used with double-weight lap. 
Hard to design, erect and take 
apart. Extra machining. 


WELDED 


90° Elbow Return Bend 


Tee Saddle Outlet 
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Butt-welding Flange 


SLIP FLANGE—WELDED 
Requires two welds, refacing 
flanges. No threading. Hard to 
align bolt holes. Welding neck 
and butt-welding flange better. 











TEXAS JOINT 
Up to 6 in. Wedges flanges. 
Joint may leak under rapid T. 
changes. Water collects’ in 
horizontal lines, may leak. 


“GLOBACK"” 
Modified double-thick lap Van 
Stone, giving wedge action of 
flanges. Forces outer surfaces 

of lap together. 


VAN STONE—ROUND LAP 
Moderate T. and P. Can be 
formed in place, but warps 
flange. Non-uniform gasket 
pressure, thin bend. 
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MIDWEST JOINT 
Ground spherical contact  sur- 
faces. Smaller lines. No gas- 
ket, but high-tensiie bolts and 
care in mating. 
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TOROIDAL RING 
Inserted ring giving more seal- 
ing faces. More machining and 
greater care in erection. Hard 
to take down: grooves weaken 


Typical Fittings 


SCREWED 
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Welding neck 


90” Elbow 


Cross 


Lateral 


FORGED 


Three unions 


CAST STEEL, BRASS, ETC. 
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True Y 





90° Elbow 


VAN STONE—SQUARE LAP 
Med. & high T. & P. No water 
pocket, heavy fillet, rigid, strong. 
May be seal-welded, usually 
faced. Also 200% lap as below. 
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TONGUE AND GROOVE 
Like 200% lap Van _ Stone. 
More mating surfaces. Harder 
to erect, design, and _ disas- 
semble; groove weakens lap. 


COPPER-PLATED GASKET 
Another modification with cop- 
per-plated gasket. Used either 
between flat mating faces or in 
double-recessed tvpe, as below. 


COPPER 
Solder or 


-4 brazing 


Flared coupling 
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By Sabin Crocker and Arthur McCutchan 


ing Division, Detroit Edison Compai 


—FOR OVER 850 DEG. 


Recieve increases in steam temperatures of 100 to 


150 deg. over previous top temperatures, bringing pres 


ent total temperatures to 850 or 900 deg have accen 
tuated the importance of certain items of piping d 
sign. The problem is largely one of metallurgy and 
economics involving the interrelation of cost with 
long-time load carrying ability of available materials 
at elevated temperatures. Although development of 
low-alloy steels having sufficient creep strength and 
stability at temperatures up to 1,000 deg. will even 
tually make possible economical use of higher tem 

atures, present balance between possible fuel saving 
eee use of higher temperatures and attendant in 
rease 1n construction costs does not appear to warrant 
steam temperatures above 850 to 900 deg. tor some 
time to Come 

The following items are presented somewhat in th« 
check list” 


piping design which require special consideration when 


nature of a covering those features of 


selecting piping materials and dimensional standards 


4 


tor high temperature service 
Selection of Pipe 

Diameter of pipe, material and wall-thickness are 
interdependent. Since pipe practice outside diam- 
eters remain constant, an increase in. wall-thickness 
causes a Corresponding decrease in inside diameter and 
consequently in carrying capacity of a given pipe size. 
Wall-thickness in turn depends upon the material 
selected. Choice of pipe material and the assumptions 
of working stresses as determined by the designer may 
be given a preliminary check through comparison with 
the points developed below. 

Ordinary carbon steel at 850 deg. retains about 2 of 
the ability to sustain load it possessed at 750 deg., while 
at 950 deg. its long-time strength is only about 4 of 
that at 750 deg. Reduction in strength of carbon steel 
with increase in operating temperature is shown 
graphically in Fig. 2. It should be noted that long- 
time strength falls off more rapidly with increase in 
This dif 
ference, as shown by the curves of Fig. 2, emphasizes 


temperature than short-time tensile strength. 


the point that in designing for continuous loads at 
temperatures of 850 deg. creep data rather than results 
of short-time tests at the operating temperature should 
be used. 

Up to 850 or 900 deg., either of two courses may be 
followed: (1) increase wall-thickness to compensate 
for reduction in strength; or (2) select a material 
whose long-time strength does not fall off so rapidly 


with increase in temperature. Above 900 to 950 deg 
only the latter course should be considered. 

A special analysis silicon-killed medium-carbon steel 
was selected for a recent 850 deg. installation on thc 
basis of excellent short-time physical properties at room 
temperature and creep tests which indicated that an 
ulowable bursting stress of 7,000 Ib. per sq.in. could 
be assigned to this material. This stress was approxi 
mately 2 of the stress which tests indicated would pro 
auce creep of | per cent in 100,000 hr 

Wall-thickness determined by different piping de 
signers using the same value of allowable bursting 
stress may be quite different depending upon the burst- 
ing stress formula employed, whether the same addition 
for corrosion allowance 1s made, and whether adherence 
to commercial pipe wall thickness is required. 

At least four formulas for calculating bursting stress 
in pipes are in common use. Of these formulas, Bar 
low’s and Clavarino’s are perhaps best known. Al 
though Clavarino’s formula 1s considered a more ra 
tional attempt to take effects of internal pressure into 
account, recent full-size bursting tests indicate that 
Barlow's formula gives a better prediction of the burst- 
ing pressure. It should be recognized that the theo 
retical wall thickness will be greater if Barlow's for- 
mula is used. For example, the theoretical wall-thick- 
ness of a 10-in. pipe designed for 650 Ib per sq.in. and 
850 deg. F. will be 16 per cent greater if Barlow’s 
formula is used in place of Clavarino’s. The relation 

bursting stress and longitudinal stress as they act 
on an element of the pipe wall is indicated in Fig. 

determining pipe wall thicknesses it is customary 
to add 0.065 in. to the theoretical thickness to obtain 
This addi- 


tion is referred to as an allowance for corrosion. In 


the minimum wall-thickness on Inspection 


case of pipe for 850 deg. steam, the corrosion allow 
ance merely represents an additional margin of safety 
But, as steam temperatures are increased above 950 
deg., the reaction of carbon steel with hot steam forms 

black iron oxide, Fe,O,, with a consequent possible 
reduction in wall thickness. 

To provide for an underthickness mill-tolerance of 
12} per cent, nominal thickness is customarily foun 
by dividing minimum thickness by 0.875 and then 
selecting the next heavier commercial thickness. 

As a consequence of these several additions, a con- 
siderable margin existed in the pipe selected for 650- 
lb. per sq.in., 850-deg. service over and above that indi 
cated in the statement that a bursting stress of 7,000 Ib 
per sq.in, was used in determining wall thickness 
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Selection of Pipe-Joints 
Although serviceable bolted joints can be designed 
for operating temperatures of 850 deg. and higher 


ither extremely heavy construction or expensive ma 


terials are required if complete freedom from leaky 


oints is to be obtained. Fusion welding of all line 
oints is now practical on piping for high-temperature 
service, providing all welding is done by competent op 
rators working under careful supervision. For larger 
sizes, butt-welded joints with “chill” rings to prevent 
weld spatter falling inside the pipe are considered de 
sirable. In smaller pipe sizes, sleeve and socket-welded 
oints make an effective and economical type of joint 
vell suited for high-pressure and high temperature 
SErVICe, 

Where ready disassembly of a joint 1s required, as 
t connections to turbines or at valve-bonnet joints 
bolted joints must still be used. The flange standard 
selected should be heavy enough to insure adequate 
ompression on the contact surfaces at the end of th 
xpected period of service. Where suthiciently accurate 
reep data are available, a design in which flange and 
bolt stresses required to give this joint loading are less 
than ~ of the values reported as causing creep of 1 pet 
ent in 100,060 hr gives promise of being a satisfac 
tory joint, 

Bolting material with extremely high short-time 
physical properties at room temperature combined with 
good creep resistance appears to give the most satisfac 
tory results. High short-time tensile strength enables 
the joint to be set up initially with a relatively high bolt 
loading and yet have a margin to care for the additional 
stress caused by temperatur differences between th« 
inside of the joint and the bolts when bringing the line 
up to temperature. High creep resistance 1s essential to 
maintain the necessary axial load on the joint over a 
period of years 

When a piping layout for 850-deg. steam is checked 
against a similar layout for 750-deg. service, it may be 
helpful to remember that the forces and bending 
moments will be increased about 10 per cent by the 
increase in temperature. A line heated to 850 deg. will 
clongate approximately 17 per cent more than at 750 
deg., but the attendant drop in value of the modulus of 
elasticity is such that the net increase in reactions is only 
ipproximately 10 per cent. 


Size and Thickness 


Since magnitude of reactions is directly proportional 
to moment of inertia of the pipe, use of pipe larger in 
diameter or of greater wall thickness than required by 
conditions of flow and internal pressure is undesirable. 
The magnitude of permissible thrust on the turbine 
flange limits reactions in the turbine leads, but boiler 
leads and interconnecting piping may be designed to 
idvantage for reasonably high bending moments at 
points remote from joints. Since many instances ol 
leaks at bolted joints can be attributed to lack of 
ticxibility in the pipe line, it is desirable to keep bend- 
ng moments at bolted joints relatively low. 

lo secure adequate flexibility and at the same time 

‘ve an economical pipe layout, a distinction can be 
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made tO advantage between stress which may exist in 


frved portions of the pipe iine due to mattening effects 
Sal é 
and the like and stresses accompanied by Dbendiny 
> } t } } 
moments which tend to pry poited 1so1nts Apart As 


heck On values of Dending stress CONSidered reasonable 


ror 8)U-deg. service, the following assignments of total 


= 


uwiowabdle combined iongitudinal pressure sus LONI 


; I 
tudina bending stress may be of interest im points re 
i 

moved from joints, 15,000 Ib. pet sq.in t both bolted 
ind welded joints O,OOO Ib. per sq.it 

Selection of an allowable bursting stress of 7,000 Ib. 
per sq.in. and an illowable bending stress of approx 
mately 12,000 Ib. per sq.in. 1s based on the reasoning 
that a distinction can properly be made between stresses 
aused Dy interna pressure, which must pe supported 
ontinuously, and those arising from constraint of ther 
mal elongatior Accommodation of the line to a shape 
1t lower stress will tend to reduce the latter to a value 
which the materia an support, while any pronounce 
flow caused by a bursting stress wot end to increase 
he ot stress \ better appreciation of this 

I 

statement is possible through a little study of the stress 

lation showr n tig 

Etfect of Cooling 

When S Cor ( Or tel eratul I i 
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Fig. 1 (Top)—Relation of bending stress and pres 
sure stress in pipe. Fig. 2 (Bottom)—Decrease in 
strength of carbon steel above 750 deg. 


St = Transverse, or bursting stress due 
tointernal pressure 
Sl = Longitudinal stress to internal 


pressure 
Sb= Bending stress due to bending moment 
couple indicated on sketch 


900 950 
Temperature, Deg. F. 
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Expansion Bends, Pipe Gradient, Support Spacing 





EXPANSION BENDS 


Table giving expansion cared for 





Renal Mean Radius of Bend-Inches Seine 

Pipe | | | | | { Pipe | Zs 
[Inches | 12 | 15 | 20 | 30 | 40 | 50] 60] 70} 80 | 90 | 100 | 110 | 120 Inches | 12 | 15 | 20 
; | } 1 ‘ | 

1 % | 36 | 34 | 134] 344) (us FSS: 6 

2 1g} lo | 3411 | 134) 234) 374) 536) | 8 

2! Lg | 3g] 7H 1b5] 24] 344] 4U4] 534 10 

3 1g | 3g | 5g! 1h4) 178| 254) 354) 434 | 6 12 

3hs, 44 | 54) 1 | 154 234) 314] 414) 5% 14 

4 bg] bot | ite) 2 | 2%) 334 434 534 15 

4% 6] 74) 136] 178] 215] 33g] 444) 5h | 16 

5 34) 34) 114 158) 21, 3 334 45g | 55% 18 

20 





Mean Radius of Bend-Inches 


30 40 | 50 | 60| 70} 80 | 90 | 100 1110 | 120 

| | | ; es. eee ‘ 
36 | 561 1 | 136) 178] 246 | 314 | 3%] 434 | 356 
| 34) 1 | 1h) 176] 240) 3 | 354 | 438 
56, 741 146) 146] 2 | 236) 2%] 3he 
| 34] 1 13g] 176] 2 245 | 2% 

{ | | 

| 7! 136] 136] 134] 246] 2% 
1 | 136] 156] 2 236 

; we) 44 ml Ag 71 
&${; 14] 1%) 1%) 2% 
..| 14%] 1% 
| | 134 





The expansion values can be multiplied by 2 for ‘‘U"’ bends, by 4 for single offset bends or“ 


Typical Bends 


@ THE table above shows expansion cared @® BECAUSE of its own weight, pipe de 
or by 90-deg. bends with factors for Hects between its points of support. The 
ther types shown below. Other bends to amount of this deflection or sagging is easily 
»ass Obstructions or reduce friction, are als obtained for pipes up to 24 in. diameter 
ncluded. Usually, 5 to 6 diameters of the ind for center-to-center distance between 


but 
Hexibility the radii of pipe bends should be 
allowable limits 
diameter govern minimum wall thick- 
be pro- 
vided at bend ends to assure perfect joints 
ind should be 1 to 2 longer than pipe 


spe make a safe radius, to secure supports of 16 to 36 ft. Pipe is assumed filled 


with water 
Sagging of pipe between supports forms 
pockets in which condensate may collect and 


ncreased to Pressure and 


dpe 


ess tor bends. Tangents should cause corrosion trouble unless the pipe run 1s 


graded sufficiently. The chart can be used to 


in. letermine the grade necessary to overcome 


liameter. Any of these bends may be pro- the effect of pipe sag between supports 


juced either creased or straight. Actual Example: Find the average gradient and 
jesigning should be done by a specialist total loss of elevation of a 10-in. dia. stand 
(Sea 
‘dl \) 
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Expansion U"”’ 


Pipe Gradient, 


bends, and by 5 for double offset bends or circle bends. 


Support Spacing 


ard-weight pipe filled with water, center-to- 


center of supports 18 ft., line 200 ft. long 


No valves or fittings. 
Chart shows deflection to be 0.04 in. In 
the diagram at right of chart AEB is the 


deflected horizontal pipe, C is the deflection 


If end B is lowered to HA, distance equal 


G 

to 2 ( a gradient is established that 
permits complete draining. In the example 

0.04 : 
HA (0.04 2) = 0.1 in. fal 

200 
in 18 ft. In 200 ft., total fall 1s =< ©@:1 
id ae 


DEFLECTION OF PIPE IN INCHES 


9° fo) 
rs) Daal S| g 2/3 
pz; 


PIPE GRADIENT 
ALSO PIPE SUPPORT SPACING 
WITH RESULTING DEFLECTION 


* LINES CONSIDERED AS 
FILLED WITH WATER 


CENT. TO CENT. OF SUPPORTS — 





Data courtesy Crane Co. and Nat'l Valve «& 











—FOR BUILDINGS 


=_— piping differs materially from power- 
plant piping in that repairs or the correcting of faults 
is likely to be very costly, since to the normal cost of 
materal and labor to repair the pipe must often be 
added the expense of tearing down and restoring build- 
ing walls and decoration. Thus it is of utmost impor- 
tance to select as nearly as possible pipe material that 
will last the life of the building. No general specifica- 
tion can be given for this, as water conditions vary from 
city to city, and in selecting pipe material it is safer to 
go by the experience of others in the same locality than 
by water analysis. Most severe service is usually en- 
countered in service hot-water lines, heater drips and 
heating system returns. Brass pipe, wrought iron pipe, 
steel pipe and cast-iron pipe all have their legitimate 
places in practically all important buildings. 

In laying out heating systems, particular attention 
should be given to zoning. The system should be sec- 
tionalized not only to take care of the different wind, 
sun and temperature conditions on the four sides of 
the building, but also to take care of differences in oc- 
cupancy. An ideal system would permit supplying steam 
at night only to those floors that are occupied. Such 
an arrangement, however, would be too costly and can 
usually only be approximated. 

In buildings supplied with high-pressure steam, care- 
ful attention should be given to the selection of reduc- 
ing valves and the layout of the reducing-valve station. 
If valve sizes are incorrectly chosen for the steam flow, 
the installation is likely to be noisy. Two parallel sets 
of valves are often required, one to take care of winter 
conditions and a smaller one for summer conditions. 
Reducing valves are often bypassed to permit repair 


Why 4 








without the necessity of shutting © 
off steam. A relief valve should | 
be installed on the low-pressure 
side to prevent dangerous pres- 
sures on low-pressure piping. 





As in all steam piping, pro- 
vision must be made for pipe expansion which in heat- 
ing systems normally amounts to about 14 in. per 
100 ft. Expansion joints or pipe bends should be 
provided to take care of expansion in risers or down- 
comers in buildings of more than four stories. Main 
headers are usually anchored at one point and allowed 
to expand freely. Radiator branches from risers should 
be long enough to permit vertical movement of the riser 
without straining the fittings. A 6-ft. branch will take 
care of the expansion in a 35- to 40-ft. riser. 

Pockets should be avoided in both supply and return 
lines. They make for noisy and sluggish systems. 
Supply branches from horizontal mains are best taken 
trom the top half of the pipe at 45 deg. Mains and 
branches should be graded 1 in. in 20 ft. when con- 
densate flows in the direction of steam flow and dou- 
bled when flow is in opposite direction. 

The heels of all risers should be trapped and pro- 
vided with dirt pockets. 

Minimum capacities of supply and return risers for 
both 1- and 2-pipe systems are given in the 1927-28-30 
A.S.H.V.E. Transactions. Wet return mains are usually 
proportioned so that a 1-in. head of water will produce 
required flow. In proportioning any system, remember 
that steam flow when heating a cold system is at least 
double the normal flow. 


Bibliography—Mechanical Equipment of Buildings, Hard- 
ing & Willard; A.S.H.V.E. Gwide. 


—SYSTEM IDENTIFICATION 


+ piping systems in modern industrial 
plants transmit not only steam and water, but dangerous 
and valuable fluids. In central stations, piping systems 
are exceedingly complex. In either type of plant some 
system of identification is worthwhile for ordinary re- 
pairs and operation, but in emergency it is invaluable. 

Two general color schemes have been published, the 
first adapted to power houses themselves, the second 
for general industrial piping. An A.S.M.E. Committee 
has suggested the following colors, to be painted on 
valves, flanges and fittings only, the piping itself to be 
painted to suit the general color scheme: High-pressure 
steam—white, exhaust steam—buff, |.-p. fresh water— 
biue, h,-p. boiler feed lines—blue and white, salt water 
—green, oil—brass or bronze yellow, fuel oil—black, 
air—gray, city gas (for lighting, etc.) aluminum, gas 
for engines—black with red flanges, refrigerating sys- 
tem—black pipe with alternating white and green 
stripes on flanges and fittings, electric lines and feeders 
black pipe with alternate black and red stripes on the 
flanges. 
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American Engineering Standards Committee suggests 
five general classes of piping: Class F—Fire protection, 
including sprinkler systems—tred ; Class D—Dangerous 
materials—yellow, Class S—safe, cheap materials— 
green (or achromatic colors such as white, black, gray 
or aluminum), Class P—Protective materials—bright 
blue; Class V—valuable materials—deep purple. These 
are also painted in bands at conspicuous places pref- 
erably near valves and fittings. Details in A.E.S.C. 
Report A-13. 

With either system, lines can be further identified by 
stenciling legends over or beside color bands in such a 
position that they can be read 
from place where operator is 
likely to stand when trying to 
identify them. When view is un- 
obstructed, legend should be re- 
peated on both lower quarters of 
pipe if overhead, both upper 
quarters if below operator’s line 
of vision. — 
Where and how 
to mark pipelines 

















PRACTICAL AIDS TO OPERATION 








Transfers Holes from Cylinder 
to Cylinder Head 


RECENTLY, I had the job of transferring 24 blind stud holes 
to a cylinder head. How others would do this without a com- 
plicated marking off process I don’t know but I used a method 
that seems novel and practical enough to warrant attention. 
[ cut 24 pieces of cardboard about 13 in, wide by 4.5 in. long, 
as at A in the figure, then punched a hole in each piece the 
same size as the tapped holes in the cylinder. One of these 
pieces was lined up over each hole and glued to the side of 
the cylinder. 

Next, glue was spread over the face of each cardboard 
piece around the hole. The new blank cylinder head was then 
carefully put into place, as at B. When the glue was dry on 
the cylinder head, I released the cardboard strips from the 
side of the cylinder. Thus, when the cylinder was lifted, the 
24 pieces of cardboard were stuck to it as at C, with the holes 
in the exact position of the tapped holes in the cylinder. A 
center punch mark in the center of these holes made the head 
ready for drilling, the cardboard being left in place as a guide 
to the drill. 


Hamilton, Ont. H. Moore 


Make Sure of Induction 
Motor Bearings 


INDUCTION motors sometimes give trouble due to slow speed, 
heating of windings, noisy operation—even in some cases fail 
to start. Not infrequently these difficulties are attributed to 
winding faults when the trouble is worn bearings. Air-gap 
clearance between rotor and stator of some induction motors 
is close so that a small amount of wear will let the rotor in 
contact with the stator. The amount that the shaft can be 
moved in the bearings may be so small that it appears they are 
not at fault. 

Frequently, when the motor is disconnected the rotor can 
be turned freely in its bearings by hand, indicating that it 
does not rub the stator. True, it does not, but when power is 
applied to the stator, unbalanced magnet pull on the rotor 
springs the shaft sufficiently to bring the rotor in contact with 
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the stator. The oil film in the bearing is also a factor. When 
the rotor is turned by hand, bearing load is light and oil film 
thicker than when the motor is energized and bearing loads 
are heavy due to rotor unbalanced magnetic pull. 

In some cases the motor will start at one time and will not 
at others, but can be made to start by rotating the rotor part 
of a turn. This action is very likely caused by a slight eccen- 
tricity of the rotor core. If the rotor stops where it is closest 
to or in actual contact with the stator core, it will not start. 
In this case, unbalanced magnetic pull actually brings the 
rotor into firm contact with the stator. If the rotor stops with 
its shortest radius on the low side of the bearings, the air-gap 
clearance is sufficient to allow the rotor to start and it will 
come up to speed. 

It has been my experience that these facts are not as gen- 
erally known to maintenance men as they should be. In sev- 
eral cases I have been called in on induction motor troubles 
where windings had been renewed to correct supposed wind- 
ing troubles when the bearings were at fault. Of course, a 
new winding did not correct the trouble. In other cases | 
have seen the starting winding burned out of split-phase 
motors because bearings were worn and the rotor rubbed the 
stator, preventing the motor from attaining sufficient speed 
to cut out the starting winding. Motors have been operated 
with the rotor rubbing the stator and caused sufhcient vibra- 
tion to destroy the winding insulation before anything was 
done to correct the fault. 

When an induction motor gives indications of unsatisfac- 
tory performance, make sure that the bearings are not at 
fault before checking other conditions, otherwise a lot of un- 
necessary work and expense may be incurred. 


Philadel phia, Pa. R. M. STEVENS 


Automatic Valve Controls 
Exhaust Pressure 


A 600-HP. mixed-pressure turbine-generator in our plant sup- 
plies power to the town, a planing mill that is partly elec- 
trified and for other purposes. Low-pressure steam for the 
turbine comes from a large corliss engine and other steam- 
using devices in the sawmill. One year we had to shut the 
sawmill down all winter; this required operating the turbine 


bare va/ve 
Exhaust to | 
mixed pressure Turbine |Exhaust from 
| planing-mill 


Ol dashpot 


Airbrake cylinder 
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on high-pressure steam only. A large corliss engine used to 
drive part of the planing mill about 300 ft. from the power 
plant exhausted to atmosphere, and it was decided to pipe 
this steam into the turbine. 

Load on the planing-mill engine ranges from zero to 500 hp. 
With light loads on the engine, we found that exhaust steam 
was not sufficient to maintain a positive pressure in the ex- 
haust line, and vacuum from the condenser would extend back 
through the turbine to the engine. As this engine was ad- 
justed to operate against back pressure, a vacuum caused un- 
satisfactory performance. 

We installed a gate valve in the exhaust line near the tur- 
bine. By closing this valve partly to hold back pressure on 
the engine we could operate satisfactorily, but it required con- 
stant attention. We needed an automatic valve to maintain 
pressure on the engine slightly above atmosphere, so I pro- 
ceeded to develop such a device. 

The general arrangement of this valve and its operating 
equipment are shown. To obtain a valve of low operating 
friction, I selected a butterfly type to be operated by a small 
steam cylinder, An 8x8-in. airbrake cylinder was used for the 
power unit to operate the valve. The valve was made from a 
short length of pipe on which two old stuffing boxes were 
welded for the valve shaft. A disk for the valve was cut from 
a piece of flat steel and welded to the shaft after it was in 
place. The operating cylinder was connected to the valve 
shaft by a rack and pinion and its motion dampened with an 
oil dashpot. 

This equipment, although made from odds and ends picked 
up around the plant, operates very satisfactorily. When suth- 
cient exhaust is available, the pressure acting on the operat- 
ing-cylinder piston opens the butterfly valve. As exhaust pres- 
sure decreases when the load drops off the engine, the butter- 
fly valve is closed by a weight, to maintain pressure in the 
exhaust line. 


Libby, Mont. F. E. BATEMAN 


Synchronizing a Small 
Hydro Generator 


OPERATING engineers, through experience, are able to parallel 
alternating-current generators without causing serious dis- 
turbances in the power system. Waterwheel generators, even 
of small size, have considerable inertia, and if connected to 
the system even when a small amount off-phase they may 
cause an objectionable power surge. Usually, rules for syn- 
chronizing instruct operators to close the switch when the 
synchroscope needle points to zero. This is all very well, but 
in the case of a waterwheel generator it makes considerable 
difference in the disturbance if the machine is running 
slightly slower or faster than the power system, when the 
switch is closed. It is almost impossible to keep a small unit 
exactly to speed with the system, especially if it is regulated 
by operating the gates manually. If the switch is thrown 
when the generator is increasing in speed, the synchroscope 
showing slow, the unit will go on the line and cause very 
little disturbance. If, however, the switch is closed when the 
wheel is running above speed, there is likely to be a serious 
surge. It is therefore always advisable to synchronize when 
the speed is increasing rather than decreasing. After the ma- 
chines are once together, the gates can be opened until the 
venerator takes the proper load. 

In most cases where a small unit is connected to the system, 
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the gates can be opened to let the generaotr take full load, 
and the system will take the variations. It is not necessary to 
use a governor on such a unit, as speed will be automatically 
taken care of by the other units. On some systems it might 
be advisable to keep the wheel from running away should it 
become disconnected accidentally. When the machine is to be 
shut down, it is only necessary to close the gates until the 
load shows approximately zero, then open the switch. 


Waterloo, Wis. K. B. HUMPHREY 


Repairs Bulged 
Furnace Sheet 


Many plant engineers who have had charge of vertical fire- 
tube boilers have had experience with furnace sheet bulges. 
While there is no excuse for this, a competent engineer may 
take charge of a plant where care has been lacking and may 
be faced with a job of repairing one of these furnace sheets. 
These bulges are usually caused by heavy accumulations of 


scale in the water leg. This type of boiler should be 





thoroughly washed out at regular intervals to prevent scale 
accumulation. 

A method of repairing this trouble is to procure three to 
five pieces of square steel stock, each about 14x14x12 in, 
long. Next, a handhole opening is cut on the outside furnace 
sheet, as nearly as possible opposite the bulged section, The 
handhole edge should be preferably at least an inch from the 
nearest staybolt. If a handhole opening is already at or close 
to this location, a new one will be unnecessary. 

Such bulges are usually between two horizontal rows of 
staybolts and less frequently between more than two rows. 
Staybolts in the defective area should be removed and the 
12-in. pieces of steel placed vertically against the furnace 
sheet. A piece of 1}-in. square by 12-in. steel stock is placed 
horizontally across the middle of the vertical pieces. This 
horizontal piece should be bent to the curvature of the fur- 
nace sheet. A jack is then placed between this horizontal 
piece and some rigid outside support, and put under sufficient 
pressure to hold the cross pieces tightly against the furnace 
sheet. 

A man inside of the furnace then heats the sheet just 
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enough so that the metal can be shaped by moderate blows by 
a short-handled, 4- to 6-lb. sledge. By using care to start at 
the bulged-area outside and working towards the center with 
decreasing circles, a satisfactory repair job should be obtained. 
Steel braces held in back of the sheet by the jack help shape 
the sheet to its original curvature. The staybolts are then 
renewed and a handhole plate placed in the opening. Such 
repairs are best made by a competent boiler shop man. 
Boston, Mass. Harry M. SPRING, JR. 





Starts Group of Motors With 
Single Auto-Transformer 


RECENTLY I had the job of installing several closely grouped 
squirrel-cage motors that were to be started consecutively 
from one location by one man. After considering the advan- 
tages of installing a compensator on each motor for starting, 
or starting the group from a single auto-transformer, I de- 
cided in favor of the latter. The diagram shows the connec- 
tions. An auto-transformer of sufficient capacity to start the 
largest motor was selected and connected as shown. All oil 
switches and the auto-transformer were grouped on one 
Experience with this installation has shown it 
and easy to maintain. 
CHARLES A. ARMSTRONG 


switchboard. 
to be safe, convenient, 
Cleveland, O. 


Explosion in Coal- 
Pulverizing Plant 


A serious coal-dust explosion occurred at a pulverized-fuel 
plant, resulting in severe damage to the plant and injury to 
six workmen. Warm air entered at the grinding-mill bottom. 
Coal when ground was removed from the mill by a fan and 
discharged into a small cyclone, from which it dropped into 
a large hopper. A day before the explosion occurred, a fire 
in a raw-coal hopper had forced it to be emptied. 

After the mill was restarted, an explosion occurred in the 
pulverized-coal hopper that blew the top off. The explosion 
was thought to be caused by overheating of a pocket of coal 
dust in one of the pipes which ignited the dust cloud blown 
into the almost empty hopper. A safety vent had been placed 
on the cyclone above the hopper, but this was not sufficiently 
large to relieve the pressure due to the explosion. After 
this accident, a safety vent was fixed to the hopper itself and 
It is believed that if the pulverized- 
coal equipment had been properly provided with these de- 
vices before the accident, the explosion pressure would have 
been relieved and little or no damage would have been done. 

Bromley, England W. E. WARNER 


also one on the mill. 
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Maintain Generator Bearing 
Pedestal Insulation 


WHEN generator bearing pedestals are insulated from the 
bedplate, this insulation must be properly maintained. Insu- 
lating the pedestal prevents circulating currents from passing 
along the rotor shaft, down through one bearing pedestal 
to the bedplate, and up through the opposite pedestal to the 
shaft. Where such currents exist, severe pitting of the bear- 
ing metal is sometimes experienced. Currents passing through 
the oil film between bearing metal and shaft tend to darken 
the oil, increase its acidity, and cause deposits. 

A short length of wire affords a simple means of checking 
pedestal insulation. Make electrical contact with one end of 
the wire on the pedestal and hold the other end against the 
shaft end, If sparking occurs, the pedestal insulation is bad 
and should be repaired. If sparking does not occur, the 
pedestal is sufficiently well insulated to avoid circulating cur- 
rent. Making connection between bedplate and shaft will in- 
dicate by sparking presence of a circulating-current potential 
in the shaft. 

In most cases, failure of pedestal insulation results from 
ignorance of its purpose. When the generator is inspected 
or repaired, insulating sleeves and washers are often removed 
from the baseplate and oil-line flange bolts. Insulating mate- 
rial between the pedestal and baseplate is sometimes replaced 
with metal by over-diligent mechanics anxious to perform a 
good job of shimming. Where direct-connected exciters are 
used, it is necessary that all pedestals on the outboard end of 
the generator be insulated if circulating currents are present. 

Waynesboro, Va. S. H. COLEMAN 





Easily Made Beam-Clamp 
Pipe Hanger 


TO OVERCOME objections to the conventional type of pipe 
hangers, I developed the design shown in the figure. The 
flange width of standard I-beams varies from 2,66 in. on a 
4-in. size to 7 in. on a 24-in. size. Figuring on about 1.5-in. 
adjustment on the bolt C fastening clip D to the I-beam, three 
sizes of clips and bolt can be made to fit almost any size of 
standard I-beam or ordinary plate girder. 

The pipe bands are stocked in shapes at A and 30 in. long, 
which can be shaped as carriers for standard pipes 3 to 8 in. 
in diameter. Distance B is approximately 12 in. for a 3-in. 
pipe and 54 in, for an 8-in. pipe. The hanger rod may have 
6 in, of standard thread on each end, and adjustments are 
made at the beam clamp and pipe carrier. Two nuts and 
washers, one on each side of the hanger, lock the hanger-rods 
effectively. Shaping of pipe carriers from stock strips may be 
done in the field to fit various size pipes. 

Pittsburgh, Pa. BERNARD KRAMER 
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Distance Gage 
For Liquid Level 


IN the December (1934) Power is an article, “Distance 
Gage for Liquid Level” that criticizes the formulas used in 
computing the dimensions of the gage described by me in 
August (1934) number. I wish to acknowledge the error in 
the formula for finding the bore of the mercury wells Ds. 
The correction factor AD: divided by d, which is given for 
the difference in level of mercury legs at zero gage M is im- 
practical to use. 

When filling the gage after it is set up complete the valve 
on the line leading from the oil tank is closed and the plug 
removed from the tee on top of the lower cylinder. The lower 
cylinder is then poured full of mercury, which of course 
partly fills the tube connecting the two cylinders. If this con- 
necting tube is of small bore and ‘‘plus at least one half inch,” 
included in the formula for the height of the mercury wells, 
is added to the depth of the wells then when the plug is 
replaced and the valve opened the mercury rises into the 
upper cylinder there will still be enough left in the lower 
cylinder to cover the required range of travel. With the tank 
standing empty, red oil is then poured into top of the gage 
glass until it reaches the zero mark. The gage is then cali- 
brated by varying the level of oil in the tank, or if this is not 
possible, an Orsat leveling bottle may be used. 

It will be seen from this procedure that the exact level of 
the mercury at zero reading cannot be known, therefore the 
distance A will be indefinite. This negligible amount is taken 
care of in the “plus at least one half inch” included in the 
formula. In the article in the December number it is figured 
that without the correction, M would equal 20.8 and with it 
would equal 20.14. 

In building this gage, some leeway must be allowed, espe- 
cially as regards gage glasses as these are of varying inside 
diameters and difficult to measure accurately. I have, since 
making the first gage, made two more for measuring water 
level in hot and cold wells where the gage glass is located 
above the water level and with the U-tube down in the wells. 
Both of these are very satisfactory. 


Kansas City, Kan. Roy EMISON 


Boiler Tube Replaced 
in Two Sections 


I wisH to comment upon the article “Boiler Tube Replaced 
in Two Sections,” by H. M. Spring, in December PowEr. 
Some conditions discussed in this article appear to be opposite 
to what they actually are. In the first place, it seems to me 
that it would take an extra-heavy boiler tube to give enough 
material for the threaded joint. As I have read the Boiler 
Codes, it appears that only No. 8 gage is given in its tables 
for a 4-in. tube, a size one might expect to find in the average 
horizontal-tubular boiler. Therefore, where is the necessary 
thickness in order not to weaken the tube at this point? I am 
also wondering if such a method of repair would meet the 
requirements of the A.S.M.E. Code. 

Beading of the tubes was apparently made for the purpose 
of preventing the plates from separating at the sections. 


February, 1935 —POWER 


I cannot understand this, because pressure is in opposite 
directions and the beading of the tubes is of no avail as far 
as separation of the two sections is concerned, Beading is 
not for the purpose outlined, for as I understand it the Code 
does not figure any strength is assumed to be gained by 
beading the tubes. 


Binghamton, N. Y. CHARLES W. CARTER, JR. 


I HAVE read Charles W. Carter's comments on replacing a 
boiler tube in two sectiors. I still, however, maintain that 
a tube in an horizontal-tubular boiler can be and has been 
installed in two sections under certain conditions, as described 
in December PowERr. | have discussed this with several boiler 
inspectors and engineers and find that they are of the same 
opinion. 

While boiler rooms are generally designed to allow tube 
replacements, there are a few in which this is impossible 
without tearing a wall down. In these instances, where one 
or two tubes are in bad condition, they may be plugged at 
the tube sheets. If they must be renewed, then the only way 
in which it can be done, without tearing out the wall, is by 
the method described. To insure that the threaded joint will 
remain tight it should be made with iron cement of a grade 
that hardens with heat. After the joint is made, the cement 
should be set by careful use of a blowtorch, taking care not 
to overheat the tubes. 

As for the strength of the joint, it must be considered that 
this is under collapsing pressure. I wonder if Mr. Carter 
knows how nipples between the decks of a double-deck 
B. & W. boiler are put in. These nipples, connecting the 
upper and lower sinuous headers, are in many installations 
too long to be put in through the handhole in one piece. 
So they are cut in two and put in, one-half from the top 
header and the other half from the bottom, then threaded 
together. Usually a coupling is used, but I have seen them 
recessed and threaded in a manner similar to that which 
I suggested for a fire tube. These nipples are exposed to the 
products of combustion, they are under a bursting and not 
collapsing stress, and are under a considerable tensile stress, 
having to take their share of the weight of the lower header. 
I have seen but very few cases where leakage developed at 
this point. 

In the horizontal-tubular boiler the area exposed to pressure 
between the tubes is very small as compared with the seg- 
ments which require bracing. It is true that the tubes must 
support this area, and for that reason I particularly pointed 
out that such a repair was suggested for one or two tubes 
only. Assuming the holding power of a tube so repaired is 
zero and the spacing of the tubes is 4 in. from the edge of 
tube holes; an area enclosed by a line drawn 2 in. away from 
the tubes is considered self-supporting by most codes. So 
I think that it may be understood that such an area about one 
tube does not require bracing. 

Mr. Carter is correct when he points out that no appre- 
ciable strength is gained by beading. This is not the idea 
I intended to convey, but that beading would prevent the 
tube from turning after the threaded connection is screwed 
up tight. 


Brookline, Mass. Harry M. SPRING, JR. 
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PERMISSIBLE OVERLOADS 
FOR TRANSFORMERS 


Results of studies made to determine life of transformer 

insulation under various operating conditions, and short- 

time overload that may be permitted without danger of 
seriously injuring winding insulation 


>... session of the American Institute 


of Electrical Engineers’ Convention, held 
at the Engineering Societies Building, New 
York, N. Y., Jan. 22-24, is of particular 
interest to power engineers. At this a sym- 
posium was presented on transformers. Two 
papers dealt with work being done to estab- 
lish permissible short-time overloads on this 
equipment. 

The American Institute of Electrical En- 
gineers’ Transformer Subcommittee plans 
to extend the Institute publication on opera- 
tion of transformers to include recommenda- 
tions for short-time overload of  oil-im- 
transformers in These 
recommendations take advantage of heat- 
storage capacity of transformer material to 
supplement present recommendations relat- 


mersed Service. 


ing to continuous overloading that is pos- 
sible when ambient temperature is below 
standard. This report, by V. M. Montsinger 
and W. M. Dann, gives considerations 
upon which the proposed changes are based. 

For some time A.IL.E.E. Standards have 
recognized three limits of winding tempera- 
ture corresponding to three different time 
These temperature limits are 95 
for continuous operation, 160 deg. 


periods. 
deg. oe 
C. for 1-min. operation, and 250 deg. C. 
for 5 sec. and less. Having these three 
established standards, all verified by years 
of successful operating experience, tempera- 
ture limits, Table I, for short-time overloads 
were set up. 

Laboratory research showed that the rate 
of mechanical deterioration of fibrous insu- 
lation doubles approximately for each 8- 
deg. C. increase in temperature and approxi- 
mately halves for each 8-deg. C. decrease in 
temperature. Limits in the table have been 
chosen to give a wholesome degree of con- 
servatism, which is warranted when estab- 
lishing general rules for overloading trans- 
formers. 

Steady safe-temperature conditions at be- 
ginning of overload have an important bear- 
ing on permissible overload. For this 
reason, two different steady safe-tempera- 
ture conditions have been recognized, one 
for full-load, and the other for no-load 
operation with excitation applied. 

Self-cooled, power trans- 
formers may be operated at specific over- 
loads for limited periods as given in Table 
Il. Overload values contained in the table 


oil-immersed 


are expressed in multiples of transformer 
continuous rating, that is, the figure 25 in- 
dicates a load of 25 times continuous rating. 

For permitted load in columns headed, 


“Following full load,” it is understood that, 
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prior to the overload, the transformer has 
operated at continuous rated load, and at an 
ambient temperature of 40 deg. C. for a 
period long enough to establish steady- 
temperature conditions. 

For permitted load in the column headed, 
“Following no load,” it is understood that 
prior to overload the transformer has been 
under normal excitation with an ambient 
temperature of 40-deg. C., but without 
load current, for a period long enough to 
establish steady-temperature conditions. 

The short-time load of Table II should 
be reduced 2 per cent of continuous self- 
ratings below recommended load 
for each degree that the cooling-air tem- 


COC sled 


TABLE I—TEMPERATURE 
LIMIT 


for Short-Time Loading of Power Transformers 








Winding Winding 

Temp. Temp. 

Limit, Limit, 

Time Deg. F Time Deg. F 
Less than. : 5 min. 140 
5 sec... 250 30 min. 120 
30 sec. 180 2 hr. 105 
60 sec...... 160 Contin. 95 





TABLE II—PERMISSIBLE 
SHORT-TIME LOADS 


for Self-Cooled Power Transformers 





Ambient Temp. 40 Deg. C 





Emergency Loads Recurrent Loads 
Duration Follow- Follow- Follow- Follow- 
of ing Full ing No ing Full ing No 
Load Load Load Load Load 
5 2 


2 sec... . 25 6.5 13 
5 sec.... 14 16 4 8 
10 sec... . 9 10.5 3 6 
30 sec 5 6 22 4 
60 sec. 3.7 4.7 1.6 3.25 
5 min A 3 1.25 2.1 
30 min 1.6 1.9 1.1 1.45 
2 hr. 1.25 1.4 1.0 Ie 





Life of transformer 

insulation based on 

hot-spot temper- 
ature 


Per cent of life used, 

L 100(t; + te) F, where 

ti time operated at hot- 

spot temperature T; t. = 

life of insulation at tem- 

perature 7; and F safety 
factor 


3.456 8 0 


Self-cooled 
oil-immersed transformers in cooling air, 


perature exceeds 40 deg. C. 
exceeding 50 deg. C., are considered special. 
Short-time loads of Table II may be in- 
creased 1 per cent of continuous self-cooled 
rating for each degree ambient air tempera- 
ture is below 30 deg. C., except no further 
increases are to be made for air tempera- 
tures lower than 0 deg. C 

Permissible short-time overloads for oil- 
immersed transformers of types other than 
self-cooled are not yet available. 

Effects of overloading on the life of oil- 
immersed self-cooled power transformers 
were discussed in, “Effects of Overloads on 
Transformer Life,” by L. C. Nichols. Most 
transformers are single rated 50-dey. rise 
and good for operation at an ambient tem- 
perature of 40 deg. C. This means that 
their hot-spot temperature is 105 deg. C. 
Present rules of the A.I.E.E. indicate that a 
reasonable long life of 15 to 20 yr. can be 
obtained if transformers are operated con- 
tinuously at that temperature. According 
to Mr. Nichols, this is not true. Tests were 
made by placing different kinds of insulat- 
ing material in oil for a period of five years, 
at a temperature of 90 deg. C. At the end 
of that time the material was exceedingly 
brittle. A transformer with insulation in 
that condition would fail if there were any 
movement of its coils. Tests have also been 
made on insulation for short periods and 
at much higher temperatures. Transformers 
operated at 100 percent load, and ambient 
temperatures approximating 40 deg. C. 
have failed due to insulation deterioration 
after comparatively short periods. 

The curves show life that can be expected 
from transformer insulation when operated 
continuously at any given hot-spot tem- 
perature. They indicate if a transformer 
operates continuously at a hot-spot tem- 
perature of 105 deg. C., its insulation would 
have a life of only 14 years. In order to be 
reasonably safe, if the temperature exceeds 
105 deg. C., the expected life is divided by 
a factor varying from 1 at 105 deg. to 10 at 
250 deg. Suppose a transformer is operated 
with a hot-spot temperature of 150 deg. for 
eg hours. The curves show a life of 240 

but a factor of safety of 2.6 must be 
ot Therefore, when operated for four 
hours at 150 deg., one operation has con- 
sumed 100 X (4 + 240) X 2.6 = 4.3 
per cent of the life. By means of this chart, 
if the time of operation at a given tempera- 
ture is known, then the per cent life used 
can be calculated. 


Safety Factor F. 
20 30 405060 


Mi) i wea 200300 60 1000 
Time, t Py 
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THE ENGINEER'S BOOKSHELF 





Diesel Design 


DigsEL ENGINE DESIGN (1935)—By Harold 
F. Shepherd, consulting engineer. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. 227 
pages, 53 x 9 in. Cloth. 145 diagrams. 
Price $3.50. 

This technical text by a regular con- 
tributor to Power is basically a sound ex- 
position of the various ways of converting 
petroleum fuel into power by the compres- 
sion-ignition method. Eminently fair, the 
book also discusses the relative merits of 
diesel designs and types with those of other 
prime movers. 

Probably the best way to give an ade- 
quate conception of the contents of the book 
is to list titles of principal chapters, which 
are: Historical: Combustion; Influence of 
Combustion Chamber Walls; Fuel Nozzle; 
Fuel Pump; Governing; Cylinder Heads, 
Valves and Valve Gear; Starting ; Two-Cycle 
Engines; Injection of Gaseous Fuel; Bear- 
ings and Lubrication—Pistons and Piston 
Rings; The Indicator Diagram; Inertia of 
Reciprocating Parts and Balancing; Fly- 
wheel; Crankshaft; Reducing Calculations 
in Designing Crankshaft Members (appen- 
dix). 

Methods of calculation adopted are the 
simplest and easiest to use and remember. 
Drawings are large and clear, expositions 
plain, and treatment good from an engi- 
neering standpoint. 


A.S.T.M. Tentative Standards 


Book OF A.S.T.M. TENTATIVE STANDARDS 
(1934)—Published by American Society 
of Testing Materials, 260 Broad St., 
Philadelphia, Pa. 1257 pages, 6 x 9 in. 
Illustrated. Price to non-members $7 
paper binding, $8 cloth binding. 


These tentative A.S.T.M. Standards con- 
tain 236 tentative specifications, methods of 
testing, definitions of terms and recom- 
mended practices covering materials of en- 
gineering and allied testing fields. Of these 
236 tentative standards, 25 relate to fer- 
rous metals; 25 to non-ferrous metals; 48 
apply to cementitious, ceramic, concrete and 
masonry materials; 127 cover miscellaneous 
materials such as paint, petroleum, insula- 
tion, textiles, etc.; while 11 are general test- 
ing methods applying to these materials. 
Proposed revisions of standards are also 
included, published as tentative with a view 
of eliciting criticism, of which the commit- 
tees concerned promise to take due cog- 
nizance before recommending final action. 


Chem. Power Plants 


CHEMICAL ENGINEFRING PLANT DESIGN 
(1934)—By Dr. Frank C. Vilbrandt, 
professor of chemical engineering, Iowa 
State College. Published by McGraw-Hill 
Book Co., Inc., 330 W. 42nd St., N. Y. C. 
341 pages. 6 x 94 in. Cloth covers. 53 
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diagrams, 95 tables; 4 appendixes. Price 


4 


4, 


A 


An analytical presentation of fundamental 
principles and factors involved in design 
of a complete chemical plant. This volume 
of necessity discusses power and power 
transmission equipment. Chapters of par- 
ticular interest to the power engineer in- 
clude: Piping Installation, 25 pages; Pumps 
and Pumping, 23 pages; Power and Power 
Transmission, 17 pages. Odd parts of other 
chapters are also of interest in their ex- 
planation of the interrelation between power 
and process equipment. The appendixes 
dealing with preconstruction cost records 
and data, general tables, and elementary 
problems are worthwhile, both for examples 
and for that occasional “brushing up” that 
never hurts anyone. 


Compressed Air 


CoMPRESSED AIR Data (4th Edition) 
Edited by F, WV. O'Neil, assisted by tech- 
nical staff, Ingersoll-Rand Co. Published 
by Compressed Air Magazine, Bowling 
Green Building. New York. N. Y., 394 
pages, 44x 7 in. Flexible binding. 51 
tables, 122 illustrations. Price $3. 


Compressed-air applications have a part 
in practically all industries and this hand- 
book was compiled with that in mind. This, 
the fourth edition, has been revised and en- 
larged to bring the data up to date and 
make it more convenient to use. The ma- 
terial is arranged in 13 chapters:  ter- 
minology and definitions; theoretical; com- 
pressing air; booster and vacuum pumps; 
turbo or centrifugal blowers and com- 
pressors; tables of data; intake air, after- 
cooling, intercooling, reheating ; 
compressed air; pumping with 
compression; installation of 
belting; application and 
measurement of air flow. 

Both theoretical and practical phases of 
compressed air are considered, but the 
treatment is such as to make the handbook 
useful to practical workers as well as tech- 
nically trained engineers. A large part of 
the theory is confined to Chapter II. Forty 
tables that would normally be scattered 
through the book are arranged in one chap- 
ter where they are readily available. The 
performance 


cost of 
air; gas 
compressors ; 
performance ; 


chapter on applications and 
lists uses for compressed air in 84 indus- 
tries. The many features included and 
their practical treatment make this little 
book valuable to everyone interested in 
compressed-air problems. 


Industrial Furnaces 


INDUSTRIAL FURNACES, VOL. I, (3rd Edi- 
tion) —By W. Trinks, professor of 
mechanical engineering. Carnegte Insti- 
tute of Technology. Published by John 
Wiley & Sons, Inc.. 440 Fourth Ave., 
New York, N. Y. 456 pages. 6 x 9 in. 
Cloth. Illustrated. Price $6. 

Although 


“Industrial Furnaces,’ as_ its 


title implies, deals entirely with the con- 
struction of furnaces used for industrial 
processes, much is given that can be used or 
adapted to boiler furnace construction. 
About two-thirds of this edition represents 
entirely new writing and includes the latest 
data on furnace building. 


Brief Reviews 


CHARACTERISTICS OF ITALIAN RIVERS. 
(1934). Published by the Hydrographic 
Service, Minister of Public Works, Italy. 
330 pages, 6 x 9 in. Paper. Published in 
Italian —Gives data on all the important 
rivers and streams in Italy. These include 
average, maximum and minimum 
rainfall and runoff during the years 1926 


to, F932. 


flows, 


ELEcTRICITY (1935). By L. D. Four- 
cault, Published by Runod, 92 Rue Bona- 
parte (VI), Paris, France. 501 pages, 4 x 54 
in. Cloth. Many tables; 121 illustrations: 
501 pages. Price 23.8 Fr.—This ts a prac- 
tical electrician’s handbook published in 
French. It deals with both theory and prac 
tice and covers such subjects as signs and 
symbols for electrical drawings, generation 
of alternating and direct current, tranmis- 
and distribution of electrical energy, 
storage batteries, and controllers, 
radio, and codes of practice for installing 
electrical equipment. 


sion 


motors 


DIFFERENTIAL GEOMETRY (1935). B) 
Wm. C. Graustein, professor of mathe- 
matics, Harvard University. Published by 
the Macmillan Company, 60 Fifth Ave., 
New York, N. Y. 230 pages, 54 x 8} in. 
Cloth. 40 diagrams. Price $3.—An_ ac- 
count, in terms of vector notation, of the 
fundamentals of metric differential geom- 
etry of curves and surfaces in a Euclidean 
space of three dimensions. Suitable for col- 
lege text or advanced engineering study. 
Nine chapters of exposition; tenth (and 
last) applies this theory to important classes 
of surfaces. 


MECHANICAL WorLD YEAR BOOK 
(1935). Published by Emmott & Co. Ltd.. 
31 King St., West, Manchester, England. 
Price 1/6 net.—Pocket data book, with new 
sections on pumps and compressors. Very 
much mechanical data in concise form. 

STRESS DISTRIBUTION IN LONGITUDINAI 
WELDS AND ADJOINING STRUCTURES 
(1934). By William Hoveaard, Mass. 
Inst. of Technology. Reprinted from th 
“Journal of Mathematics & Physics,’ Vol. 
XIII, No. 2. Obtainable from Engineer, 
Book Shop., 227 Park Ave., New York, 
N. Y.—An account of a theoretical and ex 
perimental study carried out at M. I. T. 
from 1930-1933. This is a first step in the 
comparatively new and extensive field of 
weld research. 
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QUESTIONS 
for Our Readers 


SUPERHEATER CIRCULATION 
Question 1 


WE HAVE 6,000-5q.ft. cross-drum water-tube 
boilers in our plant fired with pulverized coal. 
Superheaters are behind the 5th row of tubes 
and give a steam temperature of 650 deg. at 
250-lb. pressure. When starting these boilers 
up from cold, is it necessary to keep the 
superbeater header drains wide open until the 
boiler is put on the line?—this to produce 
circulation and prevent overheating the super- 
heater tubes?—NV. D. N. 


ZONED HEATING 
Question 2 


I OPERATE a zoned heating system in a 30- 
story building. Steam is distributed from the 
17th floor to five zones, two zones for the 
radiators on the 18th to 30th floors and two 
zones for the radiators on the 4th to 17th 
floors. Lower floors are heated from the base- 
ment. All radiators have inlet orifices but 
no return traps. There are two tenants, one 
on the 8th floor and one on the 22nd floor, 
that regularly work at night, and to supply 
heat to these two floors it is necessary to heat 
almost the entire building at night when 
otherwise steam would be shut off. If there 
were some way to supply steam to these two 
floors alone, very substantial economies could 
be made. I would greatly appreciate any sug- 
gestions from the readers of POWER on how 
this might be done.—J. R. M. 

Suitable answers to these questions from 
readers will be paid for if space is available 
for their publication. 











BONUS SYSTEMS FOR POWER PLANTS 
ANSWERS to December Question | 


THE QUESTION 


WE WOULD appreciate any information that 
you can give us on where to secure reprints 
or copies of articles describing bonus or 
wage incentive systems for firemen and engi- 
neers, where the men receive a bonus based 
on the efficiency at which they operate. We 
are particularly interested in a system for 
firemen operating 5,000-sq.ft. boilers in a 
small industrial plant having both heating 
and process steam loads.—J.W.T. 


Bonus Systems Cause 
Trouble Among Firemen 


THE bonus question is one for which many 
engineers have tried to find a satisfactory 
answer. We tried this in several plants and 
had to abandon it in every case. 

Some twenty years ago, I tried the plan 
of paying firemen a bonus of one cent a 
hundred pounds of coal saved on each shift. 
Coal was weighed out to each man and 
checked against his watch. Result, Fireman 
No. 1 would allow his fires to run low just 
before the end of his shift, thus saving a 
hundred or so pounds. The next man of 
course had to build his fires up and then 
would do the same thing on the end of his 
shift. The total coal saved was practically nil. 

Again, on a stoker-fired plant, we tried 
paying the three firemen a bonus on the tons 
of coal saved per month. The net result of 
this after six months that each man 
earned some $2.50. They were so dissatis- 
fied that not any 
while results. 

Most firemen, when you offer them a 
bonus, expect to make a lot of money. When 


was 


we could achieve worth- 
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they don’t they lose interest and slip back 
into the old devil-may-care way of doing 
things. I think the best plan is to pay wages 
large enough to get good men. If this is 
done they will take an interest and save coal, 
material, and time. If they don’t better 
change men and not the reward. 
Wilkes-Barre, Pa. THOMAS M. STREET 


Bonus Paid 
For Coal Saved 


ANY wage incentive plan for power houses 
must necessarily be simple and a bit crude, 
for so many complicated and unmeasurable 
factors are involved in this type of work. 
A job cannot be definitely standardized nor 
each man’s reaction under varying stresses 
catalogued. 

All good plans are based on three things: 
quantity of work, quality of work and econ- 
omy in use of materials. The plan must be 
advantageous to both employee and employer. 
It is also better that rates be figured over a 
short period of time, else workers will tend 
to lose interest. 

I have seen an individual bonus plan tried 
in a small institutional plant. A daily chart 
of evaporation and efficiency for each shift 
was posted in the boiler room. At the end 
of the month, the fireman and water tender 
with the best record were given a bonus of 
10%. This method tended to make com- 
petition too keen and develop animosity 
among the firemen. Unless they were care- 
fully watched the outgoing firemen would 
burn fires down so thinly that the incoming 
firemen forced to load the furnaces 
with green coal to maintain pressure. They 
even found ways of cheating coal-weighing. 


were 


It was finally decided that this plan was 
more harmful than helpful, so a group bonus 
plan was worked out and adopted. 

The plant was carrying about the same 
load as it had the previous year and using 
the same kind of coal. Therefore, the plan 
was based on pounds of coal saved. 

Daily evaporation and _ efficiency charts 
were still posted, and in addition the pounds 
of coal used each day, with the pounds used 
the same day of the previous year. 

At the end of the month, every man who 
was eligible was paid a bonus depending 
directly on the amount of coal saved over 
the same month the previous year. 

For example: 

Coal used in November, 1932: 1,500,000 Ib. 

Coal used in November, 1931: 1,800,000 Ib. 

Per cent saved: 

1,800,000 — 1,500,000 x 
1,800,000 


100 





= 16.65% 


Then, if Fireman ‘‘A’’ had made $100.00 
in November, he received a bonus of 15.5% 
times $100 or $15.50. 

Every man in the plant was eligible un- 
less he had been directly responsible for 
some trouble during the month. 

After this plan went into effect, there was 
a marked improvement. Every man was alert 
and watchful of the other fellow’s work. The 
turbine operator notified the fireman of a 
change in load more quickly, the water 
tender worked harder helping the fireman 
clean fires, etc. Every man was working 
toward one objective—to save a pound of 
coal. 


Greensboro, N. C. VAN KENYON 


Bonus Based 
On Equipment Evaporation 


J. W. T. certainly has brought up a pithy 
question, but one that can be solved and the 
solution applied in a practical manner. There 
is a crying need of some sort of bonus system 
in every modern steam generating plant, and 
the only reason sensible power executives do 
not adopt some form of bonus for their 
firemen is because there is such a great dif- 
ference of opinion and the chance for cheat- 
ing is so great with most known systems. 

My first experiences with bonus systems 
was the plan of paying bonus on COs. This 
was essentially as follows: By tests it was 
determined that the boiler plant operated at 
best efficiency when CO, was kept at 13.5%. 
The best known make of CO: recorder was 
installed and the following schedule ar- 
ranged: a bonus of 10% of the fireman's 
wages was paid daily for a CO, average of 
13.0 to 13.5%. A 5% wage bonus was paid 
for averages ranging from 12.0 to 13.0% 
CO: This went along beautifully for a 
number of months, and after about 
months it was noted that all the firemen 
were making the maximum bonus with CO. 
as high as 14.0%. This was all very good 
for the firemen, but the fuel cost per 1,000 
lb. of steam began to mount and I shudder 
when I think of the money and time that 
was spent on furnace refractories. The man- 
agement finally woke up to the fact which 
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the firemen had long before discovered—that 
a COz recorder only records percentage of 
CO, and nothing else. The firemen found 
that by restricting the excess air to the fur- 
nace they could build up their CO, and also 
make a wonderful curve on the steam chart, 
but with a terrific loss of unburned carbon in 
the form of CO going up the stack. The 
scheme was abandoned. 

My next experience was with a plan to 
pay a monthly bonus for over-all efficiency. 
Boiler-house efficiency was determined 
monthly and a bonus was paid to all the 
firemen when the combined efficiency ex- 
ceeded 70%. This was a straight natural- 
draft stoker-fired plant with no heat-reclaim- 
ing equipment, and the bonus was 3% of the 
fireman’s pay for each 1% in excess of 70% 
over-all efficiency. This did not work so well. 
Some months the efficiency exceeded 73%, 
then it would fall as low as 65. The ex- 
planation was that the coal was analyzed by 
an outside laboratory and the B.t.u. value of 
the coal analysis rose and fell from month 
to month. This may have been due to the 
method of sampling the coal, or differences 
in moisture content or any number of vari- 
ables. Anyway it was impractical and the 


plan was given up, because the good, bad, 
and indifferent firemen were affected alike. 

Then the idea was put in effect of paying 
a bonus on daily evaporation, based on the 
equivalent evaporation of each fireman. For 
each tenth of a pound in excess of 7 lb. 
equivalent evaporation the fireman was paid 
a wage bonus of 2%. This has proven suc- 
cessful and is still in operation with a few 
modifications brought about by changes in 
plant design and modernization. 

With this plan, however, the chances for 
cheating are great, and this phase has to be 
watched unless all firemen are honest. 

Monthly inventories of the coal must be 
made, the coal scales and meters checked and 
kept accurate and tamperproof. Most boiler- 
house operatives are inherently honest, and 
if the management strives to win their con- 
fidence by being fair and constantly on the 
job to detect any cheating and punish the 
offender summarily, this plan will work out 
with a marked degree of success. 

Where this plan is in effect, bonuses are 
being paid regularly to the good firemen 
and offer an incentive to the poor fireman 
to improve himself. 


St. Louis, Mo. A. F. RIEBER 











HOW TO AVOID STICKING COAL 
ANSWERS to December Question 2 


THE QUESTION 


WE HAVE experienced considerable difficulty 
at times with coal sticking up in bins, bunk- 
ers and chutes. It has happened with both 
solid and pulverized coal. Sometimes the 
cause is fairly obvious—a sharp angle in a 
chute, a projection or corner into which the 
coal can pack to start the sticking. Sometimes 
it simply packs into an arch which stays up 
when the loose coal beneath flows out. Our 
methods of handling the trouble have been 
crude—hammering, pounding and jabbing to 
restart flow. I am sure that other practical 
men have had the same trouble, and will 
wager that some have found more lasting 
answers. I’d like to know what they are. 

—J.N.D. 


Avoid Wet Coal 
To Cure Sticking 


| atso have had considerable trouble with 
coal sticking in bins, hoppers, etc., and in 
each and every case the trouble has been wet 
coal. It could not be sharp angles or other 
obstructions that check the flow, because if 
the problem were structural, then the flow 
would be interrupted at all times. I do not 
wish to minimize the importance of having 
all surfaces smooth and all passages stream- 
lined but that has not been the problem in 
the cases brought to my attention. The broad 
statement is often made that coal will flow 
at an angle of 45 deg., but this is true only 
f dry coal; wet coal will not even flow 
vertically, that is if it is wet enough and fine 
enough. 

I have solved the problem by seeing to it 
that wet coal is not dumped into bunkers, if 
this can be prevented. All cars are inspected 
as they arrive, and those that seem very wet 
are not emptied in the bunkers, but are put 
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in yard storage. It pays to take coal from 
storage and unload it into the bunkers rather 
than to unload newly arrived cars with coal 
wetted by rain during transportation or at 
the point of origin. 

The amount of moisture that is tolerable 
depends on the fineness. In general, screen- 
ings and slack coal must have less than ten 
per cent moisture or it is likely to stick. 

Chicago, IIl. N. T. PEF 


Size of Coal 
Influences Sticking 


J. N. D. has a problem that is by no means 
new. Coal has the quality of adhering to- 
gether and of adhering to surfaces. 

Two ways are open to attack the problem. 
First: When it is possible, the slopes, sizes, 
and shapes of bunker outlets and of chutes 
can be proportioned to aid the force of grav- 
ity in overcoming the adherent nature of 
coal. A great deal of mechanical ingenuity 
has been applied in arranging poke holes, 
access doors, compressed-air lances and_per- 
manent jets. A discussion of them would be 
too lengthy, but application of the idea is 
simple to anyone with ingenuity. Second: 
The adherent quality of the coal may be 
reduced in many instances by one or more 
of the following methods. Select and pur- 
chase the size of coal which will serve the 
purpose. Select and purchase the kind of 
coal which will flow freely. Dry the coal or 
arrange with your source of supply to fur- 
nish coal in as dry a condition as possible. 

The first method is more easily applied 
when buying or building new equipment for 
a certain grade and kind of coal. In an 
existing plant, sometimes a chute can be 
enlarged, or its slope increased. A bin open- 
ing possibly can be changed in shape or size 


to reduce restriction or to let the coal flow 
more steeply downward. If a bunker is lined 
it will be helpful to plaster finish or smooth 
the surface of the lining near the outlet. In 
general, rough surfaces and corners should 
be smoothed out. 

The second method deals first with coal 
size. Screened sizes flow more readily than 
coal screenings, particularly fine screenings. 
This is partly because the fine coal carries 
more moisture and is more dense. Water 
acts as a slight binder to cause serious stick- 
ing and jamming. Regular screened coals 
are higher priced than screenings. Some 
plants use mixtures which meet their require- 
ments reasonably well. There are mines that 
supply special screenings at a small extra 
cost. These screenings have some or all of 
the dust removed. The fuel value is im- 
proved and the coal flows better than regular 
screenings. Some kinds of coal, due to their 
hardness and structure, handle more readily 
than other kinds screened to the same size. 
A well-versed coal man can often give valu- 
able suggestions about different coals and 
their natures. Many times, trouble of this 
kind has been reduced by the source of 
supply cooperating to furnish a dry coal. 
Wet coal flows much less freely than dry 
coal. 

J. N. D. has experienced difficulty with 
both solid or raw coal and with pulverized 
coal. Pulverized coal flows quite freely when 
the free moisture is reduced to about 4 to 13 
per cent. Inherent moisture does not seem 
to be a factor. 

Numerous coal dryers are on the market 
for drying raw coal and coal being pulver- 
ized. Heat used in drying coal is not an 
added loss since the moisture would absorb 
heat in the furnace if it were fired with the 
coal. Power required to pulverize a ton of 
coal is reduced and the capacity of the mill 
and feeders are increased when coal is dried 
either before reaching the mill or when the 
coal is dried in the mill. Air-drying the coal 
in the mill has proved more foolproof than 
raw-coal driers and it will probably be the 
cheaper equipment to install. 

Flue gas has been used successfully in dry- 
ing coal in mills. It is used to a much wider 
extent in raw-coal drying. Steam heat ele- 
ments have been used in raw-coal dryers and 
in furnishing hot air for drying. 

It is well to keep in mind that coal still 
retains some moisture after drying and pul- 
verizing. This moisture may give trouble in 
steel storage bins that are not insulated if 
cold drafts of air sweep the sides of the bins. 
The cold steel condenses and accumulates 
moisture from the coal and transmits it to a 
small quantity of coal on the cold surface. 
This small quantity of coal becomes very wet 
and causes serious trouble. 

Harvey, Il. CONWAY PIERCI 


Use Hammer 
To Loosen Sticking Coal 


To OVERCOME Sticking coal, install a ham- 
mer, air or electric, on the center of your 
bins. Install in position where it will do the 
most vibrating. It can be arranged to operate 
automatically, say every half hour, according 
to the amount of coal used. 
Oelwein, lowa JAMES A. WELCH 
Chief Engineer, 
City Laundering Co. 
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WHAT’S NEW IN PLANT EQUIPMENT 





10-CYL. RADIAL 
DIESEL ENGINE 


CONTINENTAL 74-in., 2- 
cycle, 635-hp. (@ — 1,400-r.p.m. 
unit is of radial type and weighs 
but 3,900 lb. complete with ac- 
cessories, or about 6 lb. per hp. 
With low-voltage d.c. generator 
attached, it weighs 9,200 Ib., 
about one-third weight of con- 
ventional rail-car type diesels, is 
in. in diameter, 41 in. 
long over-all and 82 in. over-all 
with generator. Welded Croman- 
sil steel crankcase, and outer ring 
on which cylinders are bolted is 
2 in. thick from solid plate. 
This gives rugged construction in 


ee 
63 xX 


only 71 in. 


cut 


spite of low weight, so unit is 
also being offered for constant- 
duty industrial service. Piston 
velocity about 1,750 f.p.m., but 
travels within sleeve moving in 
direction at 900 f.p.m., 
making net piston speed about 
900. One master piston rod and 
rods, as in air- 
2-part crankshaft 
roller and one ball thrust 
Crankpin bearing pres- 
sures reach low figure of 800 Ib. 
per Wrist and 
knuckle needle bear- 
ings. Cylinders nickel-moly iron. 


same 


nine articulated 
craft practice. 

with 2 
bearing. 
sq. in. max. 
pins have 
Piston and interior cylinder head 
surfaces flat, with turbulence ori- 
fice between combustion chamber 
and cylinder. Double fuel system 
of new design using compressi- 
bility of fuel to meter quantity of 
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fuel injected. Injection nozzles 
have four @y-in. holes to reduce 
clogging danger. One fuel  sys- 
tem handles even numbered 
cylinders, other odd. Now using 


No. 4 furnace oil (24-26 Bé). 
Ratio of maximum to mean 
torque 1.1-1, about as good as 


that of turbine, and torque curve 
a circle with ten ripples due to 
overlapping of power impulses. 
Exceptionally smooth operation. 
Pressure rise in cylinder 24-25 lb. 
per deg. of crankshaft rotation, 
b.m.e.p. 75 Ib. per sq.in. Can 
use 100 Ib. with present design. 
Centrifugal blower (Elliott) sup- 
plies scavenging air at 4 lb. pres- 


sure, providing 40% excess air 
for uniflow scavenging. Air 
enters through circumferential 


ports at bottom of cylinder, leaves 
at top. Exhaust temp. 600 deg. 
F. Fuel consumption first engine 
0.45 |b. per b. hp., better ex- 
pected with refinements. 

Continental Motors Corp.. De- 
troit and Muskegon. Mich. 


SCALE SOLVENT FOR DIESEL 
EXHAUST HEADER JACKETS 


“ARTJEL” is a special material 
for from water 
jackets of diesel exhaust headers. 
It consists of hydrochloric acid 
combined with organic inhibitors 


cleaning scale 


in such combination that it dis- 
scale suppressing 
solution or corrosive attack upon 
metal walls of the header. In a 


solves while 


recent test by U. S. Naval Engi- 
neering Experiment Station, An- 
napolis, Md. (Report No. 6164) 
this cleaner was found to be the 
only material submitted for test 
which was suitable for use in 
cleaning exhaust headers without 
incurring corrosive attack 
metal walls. Manufactured by: 

Artic Chemical & Combustion 
Engineering Corp., 209-211 King 
St., Brooklyn, N.Y. 
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MOTORPUMP UNIT 


THis ‘‘built-together’’ motor- 
pump unit consists of a high 
efficiency centrifugal side-suction 
pump with closed bronze impeller 
mounted directly on shaft of ball- 
bearing splash-proof motor. Thus 
there is no flexible coupling and 
no alignment problem. Shaft 
runs in ball bearings requiring 
lubrication only once or twice a 
year. 10 to 250 g.p.m., heads 
up to 190 ft., with motors rated 
; to 10 hp. Bulletin No. 5550. 
Fairbanks, Morse & Co., 900 
S. Wabash Ave., Chicago, Ill. 


MOTORIZED REDUCERS 
Mororizep helical-gear reducers 
with high-speed gears and very 
accessible motors. N.E.M.A. 
standard round-frame motor 
cured to side of reducer housing 
by adapter casting, which sup- 
ports motor shaft in oversize anti- 
friction bearings close to pinion, 
thus assuring alignment and 
proper meshing of gears. Motor 
with adapter and pinion may be 
removed as a unit for inspection 
or maintenance, without disturb- 
ing alignment of gears in hous- 
ing. Oil seals. For floor, ceiling or 
wall mounting, double reduction 
from 34 to 75 hp., ratios up to 
383-1, and triple reduction up to 
38 hp. in ratios up to 292-1. 
Link-Belt Co., 910 S. Michi- 


se- 


Chicago. Ill. 


gan Ave.. 





OIL CLOUD POUR TEST 
APPARATUS 


THIs four-compartment  “‘cold- 
test’ apparatus meets latest 
A.S.T.M. cloud pour test speciti- 
cations (Serial D-97-34) for 
lubricating oil, which require at 
least three, preferably four, baths 
maintained at these temperatures, 
30 to 35, 0 to 5, —30 to —25, 
—60 to —55. Compartments are 
copper lined and insulated with 
2-in. cork on sides and bottom. 
In each compartment there is an 
assembly of four metal jackets 
mounted on substantial metal tri- 
pod, and supporting jars and 
thermometers. Bulletin No. 1098. 

C. J. Tagliabue Mfg. Co., Park 
G& Nostrand Ave, Brooklyn, N.Y. 


UNIVERSAL FLOW METER 


Wipe, readable flow range and 
records temperatures and pres- 
sures on same chart with flow. 


All pens move about same center 
of rotation, but do not interfere 
with each other. Measures flow 
of steam, water, air, oil, gas or 
chemical solutions. Positive zero 
for ease in checking. Large float 
gives uniform power from full- 
scale reading to zero, and unit 
incorporates straight-line move- 
ment which avoids angularity 
errors. Pressure compensator 
may be added where necessary. 
Special trumpet-shaped calibrated 
mercury chamber gives readings 
on upper portion of scale mag- 
nification of a 100-in. meter, and 
to those on lower portions mag- 
nification of 20-in. meter. Two 
types, one for pressures to 500-lb. 
per sq.in.; other for pressures to 
1,500 lb. Pressure chambers and 
U-bend of higher-range meter are 
forged steel. Can be furnished 
with transparent eccentric indi- 
cating scale and conspicuously 


colored pointer on pen arm, if 
desired. 
Foxboro Co., Foxboro, Mass. 
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FRICTION CLUTCH 


Fast’s friction clutch has coad- 
justment or self-alignment of 
rings composing friction element. 
This automatically — distributes 
pressure uniformly over friction 
surface, thus increasing power 
transmission capacity by permit- 
ting greater unit pressure. Co- 
adjustment is secured through use 
of endless or unbroken, highly 
resilient, conical friction rings, 
telescoping under wedging action 
at a mechanical advantage, by 
means of an axial shifting force 
whereby outer rings are stretched 
and inner ones compressed. 
Smooth action, immediate disen- 
gagement, self-locking operating 
mechanism, one-point adjustment, 
pre-set safety slip, lubricated, 
dust and moisture-proof, compact, 
simple, free from end thrust, in- 
terchangeable parts. .Two_ types, 
C (coupling clutch) and L (line- 
shaft clutch), either with duplex 
or quadruplex friction element. 
Sizes from 23-in. to 24-in. bore, 
with maximum r.p.m. 4,500 to 
150. Capacity 5.6 to 4,928 hp. 
per 100 r.p.m. (dynamic). 

Gustave Fast Engineering 
Corp.. Annapolis, Md. 


PYROMETER CONTROLLER 


MopeEt No. 478 has clean non- 
arcing, non-oxidizing, mercury- 
to-mercury electric contact sealed 
in glass, requires no relay, has 
visible operating mechanism, ac- 
cessible Telechron motor, mercury 
switches and terminal — block, 
which simplifies field inspection 
without exposing control mech- 
anism to dirt or fumes. Full 
safety features, accurate control, 
and heavy working parts. 
Bristol Co.. Waterbury, Conn, 
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SCALE ELIMINATION 


CUMBERLAND electrolytic system 
for prevention of corrosion and 
elimination of scale works elec- 
trically without use of boiler com- 
pound, feedwater treatments, wa- 
ter softeners or similar agents. 
No necessity to analyze boiler 
feedwater. Anodes connected to 
positive pole or electrical energy 
source are immersed in water, 
each set being controlled by sepa- 
rate set of balanced resistance 
units for regulating current. Ro- 
tary transformer or small motor- 
generator provides d.c. at about 
10 volts and 10 amps. Boiler 
shell and tube serve as negative 
pole or in case of condensers, 
through insulated studs in the 
door to anodes. Anodes always 
positive, boilers negative. Anodes 
gradually destroyed, and_protec- 
tive hydrogen film built up on in- 
terior surfaces of unit. 

Niagara Combustion Corp... 


Niagara Falls, N. Y. 


INDUSTRIAL ANALYZER 


MopEL 639 is self-contained test 
equipment designed to analyze in- 
dustrial loads by measuring cur- 
rent, voltage and power in single 
and polyphase circuits, as well as 
power factor in three-phase cir- 
cuits. Detects overloaded or un- 
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JOURNAL LUBRICATOR 


“STAPAX” lubricator in standard 
sizes for standard journals and 
custom-made for special sizes. Of 
fine quality felt controlled by 
“spider” that holds it in place 
mechanically. 

Lubrication Products Co., 1531 
W’. 25th St.. Cleveland, Ohio. 


COMPENSATED AIR HOSE 


COMBINES advantages of both 
wrapped duck and braided hose. 
Two strength members, braided 
cord for longitudinal stresses and 
spiralled strength member for ex- 
pansion and lateral stresses, both 
welded in rubber. Avoids inter- 
nal friction and chafing and _re- 
sists surge and pulsation. 

Manhattan Rubber Mfg. Divi- 
ion, Raybestos-Manhattan, Inc., 
Passaic, N. J. 














derloaded motors. Combines in 
oak carrying case four Weston 
Model 610 instruments:  volt- 
meter, wattmeter, power factor 
meter and ammeter, latter with an 
adjustable pointer stop which al- 
lows maximum value of starting 
current to be quickly determined. 
Circular A-5O0A. 

Weston Electrical Instrument 


Corp., Newark, N. ie 
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LANCE-TYPE PYROMETERS 


PORTABLE or lance-type  low- 
priced pyrometer is available in 
three different temperature ranges, 
800, 600 and 2,500 deg. F. Units 
are low-resistance type, combin- 
ing high accuracy with rugged 
construction. Protecting case and 
handle single aluminum casting. 
Used in determining heat losses 
due to defective or broken baffles, 
loose brick, excess air, soot, scale, 
warped doors or leaky settings. 
Called “Hold-Heet,”” and special 
bulletin available. 

Russell Electric Co., 363 West 
Huron St., Chicago, Il. 


RUBBER SUBSTITUTE 
“KORASEAL” may be varied by 
compounding from hard to soft 
doughy consistency, and can be 
molded into any shape, is odor- 
less, and made in a variety of 
colors. Resists swelling when ex- 
posed to oil and greases, and 
disintegration in presence of cor- 
rosive chemicals. Provides tight 
seal when used as piston packing. 
Mechanical Division, B. F. 
Goodrich Co., Akron, Ohio. 


HORIZONTAL SINGLE-STAGE 
COMPRESSORS 
Type T, 
compressors have roller bearings, 
completely inclosed frames, bored 
and ground crosshead guides, 
solid crossheads, fork-end wedge- 
adjustable connecting rod, dou- 
ble counterweighted crankshaft, 
large air passages, and water- 
jacketed cylinder and heads. 
Either belt or direct-connected 
drive for permanent or semi-per- 
manent installation, and for com- 
pressing air or commercial gases. 
Uses company’s “Simplate’’ valve. 
Cylinder sizes from 6 x 7 to 
20 x 13 in., speeds from 400 
down to 275 r.p.m., giving piston 
displacements 89 to 1,293 c.f.m. 
Chicago Pneumatic Tool Co.. 
6 East 44th St., New York, N.Y. 


horizontal, single-stage 



























AIR FILTER 


FILTER element is a hollow candle 
of diatomaceous earth. Positive 
air purification. Two sizes, 8 and 
16 c.f.m., in either case with 4-in. 
pipe connection. Larger size 
illustrated is 16 in. long by 34 
in. outside diameter. Candle walls 
in 16-cu.ft. filter are 3-in. thick 
and, as air is forced through 
wall, there is from 5 to 7 Ib. 
pressure drop. Porosity can be 
controlled as required. Mainte- 
nance expense low, because can- 
dle is simply taken out of shell 
and outer surface sanded off 
when it becomes coated. Candle 
is placed in shell with outer end 
on stem raised about 3 in. Air is 
forced from outside of candle to 
center, while water, oil and pipe 
scale are shunted off to drop to 
bottom of shell, where petcock is 


provided for draining. Case 
chromium plated. Free test. 
Clean Air Filter Co., 1440 


Broadway, New York, N. Y. 





METER CASE 


Type W case is now standard for 
this company’s line of meters. 
Cast aluminum alloy. Sponge 
rubber gaskets make door mois- 
ture and dust-proof. Chart dial 


sized so that pressure spring 
stufing box and other working 
parts are visible when door is 


open. For flush mounting, flange 
is casted integral with case with 
door hinged to flange. In flow 
instruments, air supply 
gage and gage indicating pressure 
on diaphragm head of control 
valve are mounted on brackets in- 
side, and door has two additional 
round windows. All other con- 
nections are behind panel board. 
Black finish. 

American 


4 2d St. ’ 


control 


Meter Co.. 60 East 


New York, N.Y. 
SMALL CIRCUIT BREAKER 


ITELITE in capacities suitable for 
protection of commercial wire 
sizes from 15 to 600 amp., and 
voltages up to 250 d.c. and 600 
a.c. Includes single, double and 
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3-pole in various cases. Breakers 
trip-free of handle, can be oper- 
ated in any position, and have 
quick make-and-break toggle ac- 
tion. Hot-molded Bakelite case 
and cover. Bi-metallic thermal 
element, deionizing arc quencher. 
Bulletin 634. 

I-T-E Circuit Breaker Co.. 
19th & Hamilton Sts., Philadel- 
phia, Pa. 


DUST CATCHER 


“DeEpUSTER” is of  water-film 
type, consisting essentially of 
nests of elements with tubes hav- 
ing outer surfaces corrugated to 
form spiral thread. Above these 
is water reservoir feeding water 
to elements, suitable feedwater 
control valves, cleaning means, 
dampers, hoppers, and _ proper 
structural steel work. All parts 
which flue gases and water con- 


(Photo right) 


tact are corrosion-resisting ma- 
terial. Water requirements are 
3 |b. per min. per element. 


Maximum drop in flue-gas tem- 
perature will not exceed 150 deg. 
F., or 0.6 in. water pressure drop 
at normal velocity. Unit is small 
and light in weight for capacity. 
Water film so thin and construc- 
tion such that even at high veloci- 
ites flue gases will not carry 
water particles into chimney. 
Spiral thread arrangement keeps 
100 per cent wetted surface by 
forcing water particles to follow 
spiral path. This also gives twice 
surface area of plain tube same 
diameter. 

Diamond Power 
Corp., Detroit, Mich. 


Specialty 


INCLOSED HORIZONTAL- 
DUPLEX PUMP 


SELF-contained power end sup- 
ported on foundation through its 
length. 18-in. stroke, — totally- 
inclosed horizontal-duplex power 


pump, built for continuous duty. 
Frames cast enbloc moving parts 
totally inclosed. Crankshaft, pin- 
ion and crankpin bearings self- 
contained, tapered rollers, all 
flood lubricated. Gear and pinion 
pressure sprayed. Main gear and 
pinion full herringbone of any 
ratio required up to 9.66-1. 
Either packed piston or outside 
end-packed plunger type liquid 
end for hot or cold liquids. 
Worthington Pump & Ma- 
chinery Corp., Harrison, N. J. 


ROTATING SHAFT PACKING 


“DurRASEAL” seals pumps, ex- 
hausters, etc., working gritty 
and/or corrosive liquids and 
gases. Can be applied to ordi- 
nary stuffing boxes. On moderate 
pressures outside assembly (as 
illustrated) is used. In this a 
bushing is placed in stuffing box, 
in which it remains stationary. 
Flexible metallic or other suitable 
packing is applied in grooves or 
bushings to prevent leakage along 
stuffing-box wall. Actual packing 
or rotating member is outside 
stuffing box, and consists of a 
collar shaft, ahead of 
which, toward stuffing box, is a 
compression chamber in which 
flexible packing is provided to 
prevent leakage along shaft. Out- 


set on 





side disk is a steel ring which 
rotates against bushing, steel ring 
and bushing faces being ground 
and lapped to make a perfect 
joint. Soft packing in compression 
chamber rotates with shaft, thus 
avoiding wear. On higher pres- 
sures, member which rotates with 
shaft is placed within stuffing 
box and revolves against a spe- 
cial stationary bushing. Variety 
of metals and other materials may 
be used to suit particular cor- 
rosion conditions. 

Durametallic Corp., 2108 Fac- 
tory St., Kalamazoo, Mich. 


CONTROL VALVES 


Type 57T Tru-Travel diaphragm 
control valve for pilot operation 
has special design head, long- 
travel diaphragm and non-friction 
slide guide. Ball-bearing adjust- 
ing screw for easy changing of 
settings. | High-tempered  cali- 
brated adjusting spring. Special 


“characterized’’ inner valve, or 
bevel-seated or plain V-notch 
types, depending on_ throttling 


ability required. Special valve- 
stem connection avoids binding 
of inner valve. 

Fisher Governor Co., Marshall- 
town, lowa. 
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MULTI-COLOR RECORDER 


SPECIAL marking system for 
Micromax  strip-chart recorders 
of two, three, four or six points, 
permits numerals in colors. With 
each thermocouple, resistance 
thermometer bulb or other pri- 
mary elements identified on chart 
by a numeral, and each numeral 
distinguished from others by 
color, reading of records is made 
sasy and errors avoided. Colors 
used for printing are black, green, 
red, violet, yellow and blue. Print 
wheel has separate inking pad for 
each point recorded. Circular 
No. 314-1 shows actual chart. 
Leeds & Northrup Co.. 4910 
Stenton Ave., Philadelphia, Pa. 





BRUSH SEATER 
For seating carbon, graphite or 
metal composition brushes, this 
soft, slightly abrasive insulating 
material of fine texture saves 
more than 75 per cent of time of 
breaking-in brushes. Each brush 
is under operating conditions 
without shutting down machines, 
and avoids sparking due to poor 
brush contact. Does not scratch 
commutator, but does polish it. 
In use, seater is held at heel of 
brush, while brush is pressed 
Friction from commutator 
or ring releases brush-seater ma- 
terial which is carried under 
brush and picked up on pad on 
opposite side. Standard size 43 
in. long x 1} in. wide x $-in. 
Ideal Commutator Dresser Co.. 
Park Il. 


dow nN. 


1005 Are.. Sycamore. 


SCOOP TRUCK 
CyPprE HFG (2,500-lb. capacity) 


will handle cinder or load coal 
into. stoker hoppers. Lip of 
ducket lies parallel to or on 


ground and is pushed into pile by 
ick travel. Lifting mechanism 
tilts bucket back and raises 
required height. In dump- 
carriage is raised to top of 


¢ 


uprights, where it is automatically 
latched and bucket allowed to go 
forward and dump. Carriage 
travel limit protected by switches. 
Parts interchangeable with those 
of other trucks. Bucket 4-in. 
steel plate, arc-welded, with 
chrome-manganese wearing plate 
on lip. Cubic capacity and bucket 
shape variable to meet require- 
ments. Either storage battery or 
gasoline electric power. 

Baker Industrial Truck Divi- 
sion, Baker-Raulang Co., Cleve- 
land, Obio. 


THERMOSTATIC STEAM TRAP 


No. 9-200, for steady or fluctuat- 
ing pressures from 0 to 200 Ib., 
is expressly designed for draining 
high-pressure steam coils, as well 
as removing condensate. No ad- 
justment for change of steam 
pressure. Thermostatic bellows is 
helically corrugated tubing with 
heavy wall. Special top and bot- 
tom caps internal 
threads of same pitch and profile 
as tubing, which is screwed into 
caps, then sealed with high-tem- 
perature Shield protects 
element against abrasive action of 
steam and permits it to be re- 
moved from trap body while hot, 
if desired. Body and cap cast 
bronze. No gasket. Valve head 
and seat stainless steel, renewable. 


Three sizes, 4, 


have screw 


solder. 


¢ and 1 in., with 


capacities 900 to 3,300 Ib. of 
water per hr. at 200 |b. 
Sarco Co., Inc., 183 Madison 


Ave., New York, N. Y. 
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NOISELESS 
HERRINGBONE gears running in 
oil, forced lubrication on hoisting 
train and mechanical brake, Hyatt 
roller bearings throughout, accu- 
rately machined gears, all aid 
silent operation of ‘Tiger’ crane. 
Construction makes for low 
maintenance, low power consump- 
tion, increased satety. 


Whiting Corp.. Harvey. Ul. 
PLUG FUSES 
‘BLac-LINK” plug fuses have 
black link and white interior to 
make detection of blown fuses 
easier. 

Chase-Shauimut Co.. Newbury- 


port. Mass 


MULTI-STAGE COOLING 
TOWER 


COEY 
over wide temperature range, thus 


tower operates etticiently 


increasing capacity for given size 
Also 
loss by special spray eliminator 
at top. 
represent air flow, heavy arrows 
Water to be. cooled 


and weight. reduces spray 
In drawing, light arrows 


water flow. 








S| 


overflow 


is distributed by an 
weir over top trough, from which 
it trickles down over 


a series of 
baffles. Air 
bottom passes through water three 
times before being exhausted at 


cypress entering at 


top. This gives thorough, unt- 
form contact and reduces water 
consumption. Counter-flow — ar- 
rangement. Tower shell heavy- 
gage copper-bearing steel. Air 
handled by centrifugal fan car- 


ried on ball bearings. This type 
fan delivers constant volume ovet 
wide range of static pressure, op- 
low 


erates at speeds, is almost 


noiseless, and avoid trouble from 


loose or broken blades. Placed 
inside tower in warm air path to 
avoid ice formation in cold 


weather. Driving motor in rain- 


proof inclosure. Smaller sizes 


direct-connected, larger SIZES 
mounted on take-up and driven 
by V-belt. Can be used for steam 
Built to 
capacity or in cell groups. Cata- 


log Ze. 


or gas refrigeration. 


Corp.. 405 Lexington 


York. N.Y. 


Researep 


| AL # 
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135,000 Kw. for Port Washington 


this S60-ton, 1,200-Ib. pressure, 825-deg. 


Rated at 80,000 kw., 
bine -2 nerator is soon to be 


Co. Speed will be 1,800 r.p.m. Here it 


POWER 


delivered to Milwaukee Electric 


temperature tur- 
tailway & Light 
is shown assembled at Allis-Chalmers. 


LINES 





Power Survey Submits 
First Report 


Thomas R. Tate, director of the National 
Power Survey, Federal Power Commission, 
has given the following data on the survey in 
a special statement to Power. The National 
Power Survey was organized early in 1934 in 
response to an executive order issued by Presi- 
dent Roosevelt. Instructing the Federal Power 
Commission “to make a survey of water 
resources of the United States as they relate 
to the conservation, development, control and 
utilization of water power of the relation of 
water power to other industries and to inter- 
state and foreign commerce, and of the trans- 
mission of electrical energy in the United 
States and its distribution to consumers and 
on the basis of this survey’ to “formulate a 
program of public works.” 

The survey was logically subdivided into 
two principal phases, the first covering in- 
vestigation of power resources and the second 
of power requirements. Consequently the 
survey includes data on all types of power 
generation and transmission facilities, to- 
gether with a study of the most efficient and 
economical utilization of the facilities. Com- 
pilation, interpretation of the data will not 
be completed until the end of the present 
fiscal year, but a preliminary report is being 
issued Feb. 8 by the Federal Power Com- 
mission. 

The National Power Survey has had _ at 
work for months in the industrial power sec- 
tion, a group of engineers and experts on in- 
dustrial uses of power and electrochemical 
and electrometallurgical applications. This 
division is studying the existing total power 
requirements of the 153,000 manufacturing 
establishments, mines and quarries. It is also 
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studying increases in the use of power since 
the depression and the possibility of more 
complete electrification of existing industries. 

The preliminary report will present a pic- 
ture of the importance of the relationship 
between industrial power load and total load 
of the country, status of industrial activity 
from the power consuming standpoint pres- 
ent power supply tendencies and some new 
uses of power. 

The final report will contain results of the 
comprehensive study of the present power 
requirements including use of power in in- 
dustry, status of electrification of industry, 
amount of energy generated by industries 
themselves, amount purchased, maps and 
charts showing distribution of industrial 
loads, relations between generated and pur- 
chased power of private plants, industrial 
power costs, purchased power contracts, 
growth of power in industry, process steam 
requirements, interconnection of industry and 
public utilities, and electricity in the electro- 
chemical-electrometallurgical processes, and 
the estimated future of all these sub-divisions. 
Data will also be included on the cost of dis- 
tribution and utilization by different classes 
of consumers. 


API-ASME Unfired Vessel Code 


A joint committee on unfired pressure ves- 
sels appointed some time ago by the Amer- 
ican Petroleum Institute and the American 
Society of Mechanical Engineers has now 
completed the first edition of the API-ASME 
Code for Unfired Pressure Vessels for petro- 
leum liquids and gases. It can be obtained 
from the A.S.M.E. at 29 West 39th St., New 


York, N. Y., and covers design, construction 
and repair of unfired pressure vessels for 
petroleum liquids and gases for metal tem- 
peratures not over 1,000 deg. F. and for gage 
pressures above 15 lb. per sq.in. It has de- 
sign and construction data on fusion-welded, 
riveted and seamless forged vessels, inspec- 
tion, repair and allowable working pressures, 
materials and other specifications. Questions 
and suggestions regarding the new code 
should be referred to the joint committee, 
whose secretary is R. P. Anderson, 50 West 
50th St., New York, N. Y. 


T.A.P.P.1. Engineers 
To Meet in New York 


The important part of engineering in in- 
dustry will be emphasized at the annual meet- 
ing of the Technical Association of the Pulp 
& Paper Industry at the Waldorf-Astoria 
Hotel, New York, Feb. 18-21. A symposium 
of power plant operations will be held under 
auspices of the Heat & Power Committee 
including the following papers: 

“Operating Practice in Switching and 
Power Distribution in Paper Mills,’ “Heat 
Storage and Recovery in Pulp and Paper 
Mills,” ‘Practical Limitations in the Use of 
High-Pressure Steam in Turbines of 1,000 
to 10,000 kw.,”’ ‘Construction Problems As- 
sociated with High-Pressure Boilers for the 
Pulp & Paper Industry,” “Practical Limits in 
Steam Temperature and Pressure in Paper- 
Mill Power Plants.” The annual report on 
production and transmission of heat and 
power has been prepared this year by F. P. 
Wilmer, chief engineer of Albemarle Paper 
Co., Richmond, Va. 


Symposium on Paint 


A symposium on paint and paint materials 
will feature the 1935 regional meeting of the 
American Society for Testing Materials to be 
held in Philadelphia, March 6. Two sessions 
with 14 papers will be devoted to this sym- 
posium. 


A.S.M.E. and A.S.C.E. Hold 
Joint Power Session 


As part of the American Society of Civil 
Engineers Annual Convention, Jan. 16-19, in 
the Engineering Societies Bldg., New York, 
N. Y., two joint meetings were held with the 
Metropolitan Section, A.S.M.E. At one meet- 
ing three papers were presented on watet 
measurements. Lt. F. H. Falkner, director, 
U. S. Waterways Experimental Station, Vicks- 
burg, Miss., in “Bentzel Velocity Tube” de- 
scribed this devrce and the work done with it 
at the experimental station. This device con- 
sists of a long narrow U-tube with its ends 
pointing in opposite directions. In the down 
stream leg there is a tapered section in which 
is placed a float having a slight buoyancy 
and made from a piece of capillary glass tub- 
ing. When the tube is to be used it is filed 
with water, and the float goes to the top 
of the tapered section. When the 
the tube are placed in a water current, there 
is a slight flow through the tube and_ the 
float moves down in the tapered section un 
til its buoyancy balances the downward im- 


ends ol 
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pact of the water. It is found that this in- 
strument can be calibrated very closely by 
towing through still water and is particularly 
useful for measuring velocities from 0.1 to 
3 ft. per sec. 

Two other papers, “Comparative Measure- 
ments by Venturi Meter and a 10-ft. Weir” 
by Charles M. Allen, and ‘Pitot Tube Prac- 
tice’ by Edward S. Cole, were the center of 
considerable discussion. It was evident that 
there is quite a divergence of opinion as to 
errors in these devices and to what extent 
these errors are influenced by waterway ob- 
structions. Apparently in medium and large 
waterways these devices are more sensitive to 
pipeline and waterway conditions than is 
generally appreciated. This is probably not 
so true of flow in small pipelines and water- 
ways and is one reason for disagreement in 
opinion of experimenters. 

At the second session, three papers were 
presented on Tennessee Valley Authority 
projects. Barton M. Jones described engineer- 
ing and design features of Norris Dam and 
power house, and W. M. Hall outlined engi- 
neering and design features of Wheeler Dam 
project. A paper, “Regulation of the Ten- 
nessee River,” by James S. Bowman, was 
presented by L. F. Harza. At Norris Dam, 
two 66,000-hp. units will be installed to 
operate under a 200- to 130-ft. head and at 
Wheeler Dam one 45,000-hp. propeller tur- 
bine is being installed for a 54- to 43-ft. 
head. This plant is designed for 360,000 hp. 


O’Neill Heads 
Boston Smoke Work 


Michael C. O'Neill has been appointed 
director of the Division of Smoke Inspection 
for Mass. Dept. of Public Utilities, 100 
Nashua St., Boston. Mr. O'Neill, trained in 
steam engineering at Harvard and M.I.T., 
succeeds David A. Chapman, who left the 
post shortly after the work of the division 
was curtailed by legislative order as an econ- 
omy measure. Activities of the division were 
restored: in 1933 as a result of a widespread 
public demand. 


Big Turbines, Big Crowds 
at Allis-Chalmers Party 


Thirty thousand people—employees with 
families and friends, outside industrial 
leaders, engineers—made “open house” Jan. 
19 in the Allis-Chalmers plant in Milwaukee. 
Miles of machines” on display, some of 
enormous size—for example five hydro and 
steam turbines aggregating 700,000 hp. 

Chief power attractions were the first four 
turbines for the Boulder Dam power plant, 
which had been set up in the main erecting 
shop. Taking two years to build, these 
(50,000-b.hp. units are the most powerful 
turbines in the world. 

The 80,000-kw. (1,230-lb., 825-deg.) tan- 
em-compound steam turbine-generator for 

new Port Washington station of Mil- 
waukee Electric Railway & Light Co. was 
also on this floor and nearly ready for ship- 


+ 


nt. Another feature was a rotor of com- 
posite construction for the 125,000-kw. unit 
tended for State Line Station. 


New departures in compressors and turbo- 
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blowers included a two-stage rotary com- 
pressor, also an exceptionally compact turbo- 
blower, using a ‘“‘gearmotor’’ to increase 
speed. The Brown-Boveri line of high-speed 
turbo-blowers was exemplified by a 50,000- 
cu.ft., 3,700-r.p.m. turbine-driven machine 
for Milwaukee Sewage Commission 


Welding Conference 


The Fourth Annual Welding Conference of 
the Department of Industrial Engineering, 
Ohio State University, will be held Feb. 28 
to March 1 in the Industrial Engineering 
Building, Columbus, Ohio. Program includes 
papers, demonstrations and exhibits. 


Navy to Continue 
Use of Stainless 


Rumors of serious failures of corrosion- 
resistant steel in U. S. warships have raised 
some doubts as to the utility of these alloys 
in this service. The Navy has put a large 
tonnage of 18-8 strip and sheet into deck- 
houses, floors, hatch covers and other. struc- 
tures exposed to atmospheric corrosion in 
port and to dashing spray in a seaway. In 
these places the metal has served excellently, 
as well as it has in applications where the 
metal is submerged almost continuously. 

But as a result of failures the Navy is 
abandoning the use of stainless steel in pipe- 
lines and tanks where sea-water more or less 
stagnant is constantly in contact with the 
metal. Under these circumstances, deep pits 
are corroded into it. Preliminary inspections 
have shown that the trouble is not the result 
of attack by chemical reaction with sea- 
water nor is it corrosion by oxidation, inter- 
granular attack, or electrolysis. The trouble 
is apparently either ‘‘contact corrosion” un- 
der non-metallic — sub- 
stances (either scale or 
inclusions) or under solid 
particles brought in by the 
water, or corrosion — by 
“oxygen 
cells’ existing in porosities 
and pits or caused by 
lodgment of organisms or 
even dead organic matter 
of reducing or deoxidizing 
nature. 

In any case the dith- 
culty is not with sea-water 
which is freely circulating 
and well aerated but with 
sea-water which is_ rela- 
tively stagnant. 


concentration 


Meet Deptford Dick 
Tenants of flats near Lon- 
don Power Co.’s Deptford 
Station complained of sul- 
phur fumes, so 305-ft. 
“Deptford Dick” was built 
to replace eight stumpy 
chimneys like the = one 
shown in the foreground 
Fox—G lobe 


1/2 Years of PWA 


In 18 months, the Public Works program 
has produced 642,329,759 man-hours of 
direct employment at a cost of $1,063,303,- 
024. This is the sum actually spent from 
allotments totaling $2,542,794,754 for fed- 
eral and non-federal projects, out of the 
$3,700,000,000 appropriated in 1933-34. 

Classified according to type, $279,800,541, 
or 29% of the total of $985,681,949 al- 
lotted to state, county and municipal projects, 
as of Jan. 1, will finance construction of 
1.741 utility plants or distribution systems 
(water, sewage, electricity, gas), 22% goes 
for buildings. 


M.A.P.I. Studies 
Obsolescence 


Machinery and Allied Products Institute 
has recently inaugurated a survey of poten- 
tial machinery requirements among its 900 
members manufacturing machinery. 

Approximately 95 per cent of responses 
already received assert that replacements will 
be made as soon as it is clear that business 
confidence and credit have been reestablished. 

The organization is also enlisting other na- 
tional trade organizations in the survey. 
Early returns indicate that replacements for 
five years have lain dormant. Until 1930 in- 
dustry absorbed $8,000,000,000 worth of new 
machinery a year. Since 1930 the volume has 
declined to $2,000,000,000. Analysis of early 
responses discloses widespread variety in re- 
quirements, with machine tools, power plants 
and power transmission frequently mentioned. 


JouN Kirsy, formerly special assistant to 
Dr. Wilson Compton with the NRA, has 
joined the staff of Refrigerating Machinery 
Association with headquarters in) Washing- 
ton; D.C. 
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Diesels Stand Out 
At Motor Boat Show 


Increasing interest in the diesel engine was 
indicated in the National 30th Annual Na- 
tional Motor Boat Show, Jan. 18-26 in New 
York. Most boats are now available with 
diesels. Included in new marine engines ex- 
hibited were two built by Winton for Ed 
Wynn's (The Fire Chief) boat “The Chief.” 
Winton also exhibited its large V-type en- 
gines with steel frames. 

Atlas Imperial Diesel Engine Co. ex- 
hibited a new 4-cycle, 4-cyl. solid-injection 
unit 43 x 6} in., rated 40 b.hp. at 1,000 
r.p.m. Electric starter and generator are pro- 
vided. Center frame and cylinder block are 
one-piece casting with removable liners. Full 
pressure lubrication is used and a new fuel- 
injection system, “Atimco,” utilizes a dis- 
tributor and fuel metering valve supplied by 
a constant-pressure accumulator. The same 
valve meters quantity of fuel to all cylinders. 

Buda Co. exhibited a solid-injection, 6-cyl., 
4-cycle high-speed, light-weight 4 x 54-in. 
diesel developing 65 hp. at 1,600 r.p.m. or 
85 hp. at 2,000 r.p.m. (intermittent service). 
Cylinder block and crankcase are one piece, 
with liners. Special cylinder head has latest 
M.A.N. type combustion chambers with after- 
chamber. So-called ‘shock absorber”’ feature to 
assure smooth operation and remove smoke. 

Bolinders Co. exhibited a light-weight en- 
gine, 33 lb. per b.hp. in three sizes, 1, 2 and 
4 cyl., 25 hp. per cyl., 74 x 74 in. Normal 
speed 800 r.p.m., maximum 1,000 r.p.m. 
Cylinders are cast individually. The unit is 
a two-cycle, solid-injection design. 

Cooper-BESSEMER Corp. exhibited 
its smallest diesels, the smaller 53 x 7} in., 
with 3, 4, 6, or 8 cyl., rating 15 or 25 hp. 
per cyl. depending on speed. The larger has 
8 x 10}-in. power cylinders rated 25 to 40 
hp. per cyl. depending on speed. The first 
type is started by storage battery and uses a 
Bosch injection system with a special combus- 
tion chamber. The larger engine, built as a 
3-, 4-, 6- or 8-cyl. unit, has a modified com- 
mon-rail injection system with a new 
atmospheric release principle to avoid nozzle 
trouble and objectionable noise. Injector 
valves are built in blocks of 3 or 4. 

Fairbanks, Morse & Co. exhibited its two- 
cycle, opposed-piston unit described some 
time ago in Power, showing the 6-cyl., 5 x 6- 
in. model rated at 300 hp. This unit is built 
in several combinations of bore and stroke 
running at standard speed of 720 r.p.m., the 
larger units being of welded construction. In 
addition to the opposed-piston unit, the com- 
pany exhibited five other diesels, one a 2- 
cycle design, the others 4-cycle. 

National Superior Co. exhibited a light- 
weight high-speed diesel of the 4-cycle solid- 
injection type with 2, 4 or 6 cyl. and 
enbloc construction. Speed ranges from 300 
to 2,000 r.p.m. and pistons and rods can be 
removed without disturbing cylinder heads 
or dismantling. The company also showed 
the medium-speed unit which is built in sizes 
from 65 to 350 hp. 

Sterling Engine Co. again showed its 
crankless diesel. Hill Diesel Engine Co. 
showed a V-8, 200-hp., 5 x 7-in. unit, a 60- 
hp., 6-cyl. 33 x 6-in. engine (also in 4-cyl., 
40-hp. size) and a 50-hp., 4-cyl., 5 x 7-in. 
unit. Cummins Engine Co. showed its HMR 
model, available in 4-cyl. or 6-cyl. sizes (100 


two of 
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and 55 hp.) 4% x 6 in., 1,500 r.p.m. (max. 
speed), Bronander Engrg. & Research Corp. 
showed its opposed-piston units, made in 
engine-generator units of 3-25 kw. 


No. 1 Park Ave. 
Costs Reported 


According to a report in the New York 
World-Telegram, No. 1 Park Ave. has re- 
duced its power bill from $45,007 a year to 
$26,012 by installing its own automatic diesel 
plant. Savings are expected to pay for the 
plant in about three more years, five years 
after installation, and the annual electric bill 
will then fall to $14,500, saving $30,500 a 
year. Cost of installation was $122,760, the 
installing company (Chicago Pneumatic 
Tool) contracting to maintain and operate 
the plant at a guaranteed cost of $14,500. 
Amortization of the investment in five years 
required $24,502 annually and interest aver- 
ages $3,144.18 a year, a total of $42,796.18 
a year. Cost for power was formerly $45,007 
for 1,669,000 kw.-hr. The new plant is ex- 
pected to turn out power for about a quarter 
of this amount or 8.7 mills per kw.-hr. 


Muskogee, Okla., Correction 


On page 697 of December (1934) Power 
appeared the following erroneous statement: 
‘Muskogee, Oklahoma, authorizes $1,125,000 
in city bonds for a public light and power 
system.” 

The facts, as subsequently determined, are 
that the citizens of Muskogee, on Nov. 6, 
1934, defeated a proposed bond issue to build 
a municipal light plant and to build or pur- 
chase from the Oklahoma Gas & Electric Co. 
the electric distribution system. The vote was 
3,117 against the bonds, 1,024 for. All of the 
31 precincts in the four wards in Muskogee 
returned a majority against the bonds. 





X-Ray Inspects Heat Exchanger Shells 





BUSINESS NOTES 


EpGe Moor Iron Co., Edge Moor, Del., 
has been appointed exclusive sales agents in 
all countries for pulverized-fuel equipment 
for boiler purposes by Whiting Corp., 
Harvey, III. 

BELDEN Merc. Co., 4689 West Van Buren 
St., Chicago, Ill., has opened a warehouse 
in the New Terminal Commerce Bldg., 401 
N. Broad St., Philadelphia, with E. V. Blake 
as eastern manager. 


G-E Arr-CoNDITIONING INSTITUTE will 
start a special air-conditioning school for 
power company men at the General Electric 
plant, Schenectady, N. Y., Feb. 11. This 
school, one week in duration, will follow the 
close of the sales engineering school for 
representatives of air-conditioning dealers. 
Enrollment is expected to reach 200. 


HEMPHILL DIESEL ENGINEERING SCHOOLS, 
with schools in Chicago, Los Angeles and 
Seattle, are establishing their largest school 
in New York with offices at 500 Fifth Ave. 


R. E. Martin, 1027 Hunt Bldg., Tulsa, 
Okla., has been appointed exclusive sales 
agent for American District Steam Co., North 
Tonawanda, N. Y., for the State of Okla- 
homa. 


ARMSTRONG CoRK Propucts Co. has 
been formed as a subsidiary of Armstrong 
Cork Co., and Armstrong Cork & Insulation 
Co. to distribute their products as of Jan. 1. 
Executive offices will be in Lancaster, Pa. 

Sarco Co., INc., New York, has opened 
a branch office at 1025 Broad St., Newark, 
N. J., with Walter Andrews and H. W. 
Angelery in charge. 

A. SCHRADER’S SON, INC., has changed its 
name as of Jan. 1 to Scovill Mfg. Co., Inc., 
A. Schrader’s Son Division, 470 Vanderbilt 
Ave., Brooklyn, N. Y. 





X-ray room at Westinghouse, showing the machine, control room and special 


battery-driven truck for carrying pieces to be inspected. 
The cassette is 3 
An enclosed spring holds it firmly in position. 


trolled entirely by pushbutton. 
pointed at both ends. 


The truck is con- 
a telescoping rod 
Focal 


set with 


gage, elevator gage and copper plate with index number all can be seen from 


the truck platform 
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PERSONALS 


H. W. Sweatt, for the last eight years 
vice-president and general manager of Minne- 
apolis-Honeywell Regulator Co., Minneapolis, 
Minn., has been made president, to succeed 
M. C. Honeywell, who becomes chairman of 
the executive committee. Mr. Sweatt has been 
with the company for more than 20 years. 


Dr. J. C. Hopce, of Babcock & Wilcox, 
spoke on “Non-Destructive Testing of 
Welded Joints, its Development, Practice 
and Limitations” before a joint meeting of 
the Metropolitan Section, A.S.M.E., and the 
New York Section, American Welding Soci- 
ety, Jan. 14. Two other speakers, R. K. 
Hopkins of M. W. Kellogg Co., whose sub- 
ject was ‘Physical Properties of Fusion 
Welded Joints as Produced by Manufacturers 
of Class I Pressure Vessels,” and A. C. 
Weigel, of Combustion Engineering Co., Inc., 
whose subject was “Corrosion Resistance 
Tests of Welded Pressure Vessels,’’ con- 
tributed to this symposium on recent develop- 
ments in welded pressure-vessel construction. 


L. H. MILter, chief inspector of the city 
electrical department, Vancouver, B. C., has 
been recommended to the city council for 
appointment as city electrician to succeed 
C. H. Fletcher, who retired Dec. 31. He has 
been in Vancouver since 1911 and on the 
city staff since 1916. 


Capt. GEORGE M. ALEXANDER, president 
of the Monongahela West Penn Public Serv- 
ice Co., Fairmont, W. Va., resigned Dec. 15, 
and will be succeeded by A. C. Spurr of 
Pittsburgh, formerly assistant to the presi- 
dent of the West Penn System. 


E. W. SECKENDORFF has become a member 
of the technical staff of Battelle Memorial 
Institute, Columbus, Ohio. He has been en- 
gaged since 1921 in extensive research on 
pulverized coal operations and electric power 
generating problems with Stone & Webster. 


ALFRED GORMAN NEAL, vice-president and 
general manager of Potomac Electric Power 
Co., has been elected to the board, Potomac 
Electric Power Co. and Washington Railway 
& Electric Co. He succeeds to the member- 
ship made vacant by the death of the late 
Harley P. Wilson, and has been with the 
company since February, 1918. 


Victor B. GERSHON, research engineer, 
Aquatic Chemical & Metallurgical Engineers, 
spoke on “Scientific and Practical Aspects of 
Corrosion and Scale in Boiler Plants and 
Other Water Systems” at the regular January 
meeting of the New York Chapter, A.S.H. 
V.E., Jan. 21. He described temporary and 
permanent hardness and showed the differ- 
ences in method of treating them. Other 
speakers included W. H. Finkelday, consult- 
ing metallurgist and chemical engineer of 
Singmaster & Breyer, who discussed corrosion 
of metal, and Cecil M. Stern, consulting engi- 
neer of Metropolitan Refining Co., who gave 
results of a number of tests on use of various 
chemicals for preventing corrosion of air- 
conditioning apparatus. 


LEONARD W. Horr, former Chicago man- 
ager of Henry Vogt Machine Co., Louisville, 
Ky., has joined the cooling equipment divi- 
ion of Binks Mfg. Co:, 3114-40 Carroll 
Ave., Chicago. 


w 


> 


February, 1935 -POWER 





WALTER H. GARDNER, manager of the spe- 
cial sales division, Caterpillar Tractor Co., 
Peoria, Ill., has been elected to the board of 
directors of Internal Combustion Engine In- 
stitute. 

EpcGar J. KATES, consulting engineer and 
diesel engine specialist, has moved his office 
to 415 Lexington Ave., New York, N. Y. 


RALPH H. Crore has become general sales 
manager of the Medart Co., St. Louis, Mo. 
He was general sales manager of the U. S. 
Electrical Tool Co. 


Howarpd CooN_ey, president of Wal- 
worth Co., has been reelected president of the 
American Standards Association for 1935. 
Mr. Coonley, who represents the A.S.M.E., 
has served two terms as president. 


R. M. Spurck, formerly assistant manager 
of the switchgear engineering dept., General 
Electric Co., has been named manager of 
sales in the circuit breaker section, switch- 
gear sales division. H. E. Starbuck, formerly 
manager of sales of the circuit breaker sec- 
tion, has been appointed general assistant of 
the switchgear sales division. 


J. R. WHITEHEAD, manager of the Stoker 
and Research Division, Fairbanks, Morse & 
Co., Chicago, has been elected president of 
the Stoker Manufacturers Association, to suc- 
ceed W. H. Rea, president, Detroit Stoker 
Co., Detroit, who has served since the last 
annual meeting in June, 1933. 

S. V. Travis has been appointed manager 
of the generator and converter division, 
central station dept., General Electric Co., to 
succeed G. F. Brown, who died late in No- 
vember. He has been with the company 
since 1910. 


ArtTHuR D. Durain, for the last 15 years 
with International Engineering Works, has 
joined Bigelow Boiler Co., Kendall Square 
Bldg., Cambridge, Mass. 


Cart Stripk, for the past two years assist- 
ant to the vice-president, Davis Coal & Coke 
Co., has joined the sales organization of 
Combustion Engineering Co., Inc., 200 Madi- 
son Ave., New York. He will be in charge 
of industrial stoker sales under direction of 
H. S. Colby, general sales manager. 


W. J. McDonoucu has been appointed 
sales manager of Northern Equipment Co., 
Erie, Pa. He has been with the company 
since 1922. Thomas A. Road has rejoined 
the engineering dept., which he left in 1933. 


E. W. Brxsy, formerly sales manager for 
Columbian Iron Works, has joined the Mem- 
phis office of Pittsburgh Equitable Meter Co. 
and Merco Nordstrom Valve Co. 


ARTHUR C. WILLARD, president of the 
University of Illinois, was one of the chief 
figures in the A.S.H.V.E. 41st Annual Con- 
vention in the Hotel Statler, Buffalo, Jan. 
28-30. He is a past-president of the or- 
ganization. 


ALFRED KULLMAN, research engineer of 
Mechanical Power Engineering Association, 
addressed a group of Philadelphia engineers 
Jan. 10 on modern group drive and its ap- 
plications. 





OBITUARIES 
FREDERICK H. Cook, 75, for the past 50 


years consulting engineer of Holyoke ( Mass.) 
Water Power Co., died at his home Jan. 16. 


ARTHUR STANLEY BENNETT, former chief 
inspector of boilers and machinery for the 
British Columbia Government, died recently 
in New Westminster, B. C. He was ap- 
pointed inspector of boilers in 1910, and 
chief inspector in 1929, and retired in 1930. 


JoHN GALLAGHER, 75, formerly operating 
engineer on the staff of the Boston Daily 
Globe, died suddenly at his home in Boston, 
Jan. 6. 

PAUL HENSELER, 62, prominent steam en- 
gineer specializing in the marine field, died 
in South Somerset, Mass., Jan. 23. He was 
port engineer at Fall River for C. D. Mal- 
lory, Inc. 

HERBERT TorREY, 76, chief engineer at the 
Hanover, Mass., mill of E. H. Clapp Rub- 
ber Co., and with the company for 61 years, 
died suddenly in Pembroke, Mass., Jan. 7. 


WILLIAM W. SMITH, 62, for many years 
operating engineer in the Charleston power 
station of Boston & Maine Railroad, Bos- 
ton, Mass., died suddenly Jan. 22. 


GrorcE W. Bowers, 74, former consult- 
ing mechanical engineer of Boston, who re- 
tired ten years ago, died suddenly at his 
home in East Somerville, Mass., Jan. 1. 


Joun S. ALMeIDA, chief engineer of the 
Majestic Bldg., Detroit, Mich., for 9} years, 
died suddenly recently. Born in Spain, he 
spoke seven languages. He was highly re- 
spected and well liked by power engineers 
of the Detroit area. 


Harry L. MITCHELL, 64, for the past 15 
years chief engineer of the plant of Provi- 
dence (R.I.) Dyeing, Bleaching & Calender- 
ing Co., died suddenly as he was about to 
leave work Jan. 28. 


CHARLES FRANCIS DooLey, 77, for many 
years stationary engineer for Howard & 
Bullough Machine Co., Pawtucket, R. I., died 
there Jan. 24. 


Joun A. Ginty, 81, for many years a 
mechanical engineer associated with E. B. 
Badger & Co., Boston, Mass., died at his 
home in Boston Jan. 6. 


WILLIAM Watts Macon, 59, for 23 years 
with ‘The Iron Age,” and during 14 years 
of that period its managing editor and editor- 
in-chief, died Jan. 1 in New York following 
a cerebral hemorrhage. 


Pror. GEORGE LEONARD Hosmer, 60, for 
37 years a member of the faculty at M.L.T. 
and a prominent consultant in water power 
projects, died at his home in Woburn, Mass., 
Jan. 10. He retired last fall. 
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Rapide Blane Goes into Operation 
Only large hydro plant to go into operation in Canada in 1934, 
plant of Shawinigan Water & Power Co., on the upper St. Lawrence River, 
Quebec, has an initial capacity of 160,000 hp. in four 40,000-hp. units operating 


under 108-ft. head at 109.1 r.p.m. 
six units. 


Rapide Blanc 


Ultimate capacity will be 240,000 hp. in 


STRAWS 


Pointing the way business winds blow 


U. S. ENGINEER OFFICE, Customhouse, 
Portland, Ore., Maj. Charles F. Williams, 
district engineer, plans call for bids during 
the next six months for features of con- 
struction and equipment installation for 
Bonneville Navigation and Power Project on 
the Columbia River near Bonneville, Ore., 
covering in all 22 contracts, estimated to total 
$11,203,000. Principal awards will be (first 
noted date approximate time of advertising 
for bids and second, approximate time of 
closing bids): 

Two main generating units and acces- 
sories, estimated cost $1,600,000; March 1- 
May 1. 

Two main water turbines, estimated cost 
$1,580,000; call for bids made, closing Feb. 
15. 

Emergency dam and derricks for lock, 
estimated cost $154,000; call for bids made, 
closing about Feb. 15. 

Main transformers, part of switchgear 
and accessories, $365,000; April 1-May 1. 

Electrical distribution system for per- 
manent buildings, streets, etc., $21,000; Feb. 
1-March 1. 

Power house, intake and draft tube gan- 
try cranes, $122,000; May 15-June 15. 

Power house, intake gates, $146,000; May 
15-June 15. 

Gate and valve machinery for lock, $61,- 
000: May 10-June 15. 

Lock gates, tainter valves and floating 
mooring hooks, $390,000; May 10-June 10. 

Power house, stop logs for draft tubes, 
$100,000; May 15-June 15. 

Lower approach canal to lock, $330,000; 
May 5-June 5. 

Power house pumps, compressors, oil 
tanks, fire equipment (part), $47,000; April 
15-May 15. 

Power house machine shop equipment, 
$12,000; May 15-June 15. 

Union Pacific railroad change below Cas- 
cade Rapids, $1,700,000; April 15-May 15. 

Channel improvements through Gorge, 
$320,000; April 15-May 15. 

Crest gates and gantry cranes for main 
dam, $1,190,000; May 15-June 15. 


Other work includes land improvements 
below Cascade Rapids, new Evergreen High- 
way, Bradford Island and Washington shore 
improvements. 
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KENTON, OHIO, completing plans for 
municipal electric light and power plant, in- 
cluding electrical distribution system, for 
which financing for $556,000 is being ar- 
ranged. Bids at early date. H. P. Jones, 
Second National Bank Bldg., Toledo, Ohio, 


consulting engineer. 


BoArRD OF DistrRICT COMMISSIONERS, Dis- 
trict Bldg., Washington, D. C., is planning 
early call for bids for new sewage disposal 
plant, for which a fund of $8,000,000 is 
being secured through Federal aid, work to 
be divided into a number of contracts. Bids 
for initial contract, covering main pumping 
station and grit chamber, estimated to cost 
$500,000, with equipment, will be opened 
about March 15; preliminary sedimentation 
tank bids will be opened about April 1; those 
for main pumping plant equipment will be 
opened about May 15; for sludge digestion 
tanks and accessories, about May 15. On 
or about June 1 bids will close for central 
power plant and equipment, estimated to cost 
approximately $1,200,000. During period 
noted, from March to June, a number of bids 
also will be asked for minor features. Metcalf 
& Eddy, Statler Bldg., Boston, Mass., con- 
sulting engineers. 


BUREAU OF RECLAMATION, Denver, Colo., 
will receive bids until Feb. 15 for two motor- 
driven vertical-shaft pumping units, with ac- 
cessory equipment, for Melhase-Ryan sump 
drainage pumping station, Klamath Project, 
Oregon-California (Specification 660-D). 
Also, until Feb. 18, for two motor-driven 
vertical shaft pumping units, capacities of 13 
sec.-ft. and 54 sec.-ft., respectively, for North 
and South pumping plants, Advancement 
District of the Owyhee Project, Oregon-Idaho 
(Specification 661-D). 





Boone, Iowa, is considering early special 
election to vote bonds for $800,000 for a 
new municipal electric light and power plant, 
with transmission and distribution lines. 
Plans will be drawn soon. 


MorkIsvILLE, Pa., has appointed a special 
committee of three Councilmen, Paul Nichols, 
Elwood Kohl and Russell Pfleger, to investi- 
gate and secure estimates of cost for a pro- 
posed municipal electric light and power 
plant, including information on equipment. 


SrewaktT, B. C., is installing three 630-hp. 
6-cyl. Fairbanks diesels, with auxiliaries in a 
new power plant to replace the one recently 
destroyed by fire. 


CARRIER CorP., Newark, N. J., has re- 
ceived a $1,000,000 loan from the Federal 
Reserve Bank to be used to help this com- 
pany develop its air-conditioning market. 


CLaYTON, N. M., is preparing plans for 
an additional well and pumping equipment 
for municipal water supply, also for a mod- 
ern closed cooling system for 600-hp. inter- 
nal combustion engines at the municipal elec- 
tric generating station and pumping plant. 
Equipment to be purchased includes 200- 
g.p.m. capacity cooling tower, heat ex- 
changers, motor-driven circulating pumps for 
both raw and soft water, piping and valves, 
etc. (up to 6 in.), 5,000-gal. elevated tank, 
motor-driven turbine-type well pumps (ap- 
proximately 80 g.p.m. for 120-ft. well). 
Plans are being prepared by and work will 
be under supervision of J. H. Bender, city 
manager, Clayton, N. M. 


WESTINGHOUSE reported higher sales of 
air-conditioning units the first four working 
days of January than those obtained through- 
out December and January twelve months 
ago. Included among orders are units for 
air-conditioning a court house in Northern 
California, equipment for a citrus fruit proc- 
essing plant in Southern California, dining 
room equipment for three hotels in a Mid- 
Western chain. 


ASHLAND, VA., is conducting a survey with 
a view toward installing a diesel-electric mu- 
nicipal power plant. An installation similar 
to that at Culpeper, Va., is planned, with 
one main diesel unit and a small auxiliary. 


LAMONI, Decatur Co., Iowa, has been 
given a PWA loan and grant of $97,000 for 
construction of a municipal power station to 
include two 300-hp. diesel-electric generat- 
ing sets and auxiliaries and a distribution 
system. 


TVA, Jan. 18, awarded contracts to the 
value of $1,303,305 for generating equipment 
for Norris and Wheeler Dams. Westing- 
house will provide two 56,000-kva. genera- 
tors, with auxiliary equipment, for Norris 
Dam, total cost being $878,520. Both units 
will be of impeller-type design, very com- 
pact. Total weight will be about 1,320 tons. 
Generator speed will be 1124 r.p.m. De- 
livery will start near the end of 1935. Gen- 
eral Electric Co., Schenectady, N. Y., will 
install one 36,000-kva. generator at Wheeler 
Dam, to cost $424,785, and to be completed 
in 1936. 


TORRENCE, Los Angeles Co., Calif., has 
been given a PWA loan and grant for the 
purchase of existing privately owned water- 
works systems and installation of a well and 
pumping plant. 
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BOULDER Dam is now storing water, all 
tunnels but No. 4 (Arizona side) being 
closed Feb. 1. 3,000,000 acre-feet of water 
are expected to be stored by June 1, but 3 
ir 4 years will be required to fill the reservoir. 


CoLUMBUS, OHIO, has been given a $320,- 
000 grant to aid in extension of existing 
municipal electric plant by construction of a 
power house and installation of a 10,000-kw. 
turbine-generator, a 12,500-sq.ft. boiler with 
wuxiliaries and control equipment and coal, 
ash and circulating water systems. 


NorTH BALTIMORE, Wood Co., Ohio, has 
been given a PWA loan and grant of $109,- 
000 for construction of a water works system 
in competition with a private system. 

FEDERAL Govt. has allotted $3,780,000 for 
a power plant in New York. Present costs 
of steam and electricity purchased are 
$1,209,000 a year, of which the new plant 
would remove $700,000. 

Le GRANGE, IND., has been given a loan 
and grant of $29,000 for improvements to 
the water works district, including three deep 
wells and pumping equipment. 

MERIAM Co., 1955 W. 112th St., Cleve- 
land, Ohio, reports sales of a 150-hp. gas 
engine to Callahan Coal Co., Salem, Ohio; 
a 150-hp. engine to Pleasant Valley Coal Co., 
Massillon, Ohio; 90-hp. unit to Frazer Ice 
Co., Galveston, Tex.; 90-hp. unit to Lieb- 
mann Ice Co., Pampa, Tex.; and a 50-hp. 
unit each to the Bison and Criterion Theaters, 
Shawnee, Okla. All these units were repur- 
chased equipment, rebuilt by J. B. Meriam, 
the original designer. 

GENERAL AMERICAN TRANSPORTATION 
SysTEM, INC., 230 South Clark St., Chicago, 
Ill., an interest of the General American 
Tank Car Corp., same address, plans con- 
struction of a power house and large pump- 
ing plant in connection with new bulk-oil 
terminal on Houston ship channel, Houston, 
Tex., where tract of about 50 acres of land 
has been acquired. 

SEWARD, ALASKA, has plans under way for 
a new municipal electric light and power 
plant, and proposes to begin work this 
spring. $125,000 through Federal aid. 


WISCONSIN STEAM CorpP., 335 McKinley 
Ave., Eau Claire, Wis., Sidney P. Hall, vice- 
president and general manager, is completing 
final plans and will begin work early in the 
spring on a new l-story power plant on 
Dewey St., for central steam heating service. 
Project will include installation of steel pipe- 
line for distribution, and is estimated to 
cost about $200,000. 


FALLBROOK (CALIF.) IRRIGATION DISs- 
TRIcT has plans maturing for new irriga- 
tion project using water from San Luis Rey 
River, estimated to cost close to $1,100,000. 
Bond issue at early date, with later financing 
through Federal aid. Project will include 
1,600-hp. electric power plant using diesel 
engine-generating units, for service to a series 
of pumping plants. A number of booster 
pumping stations will be located along the 
river, while the generating plant will be built 
near Bonsall. Willis S. Jones, Claremont, 
Calif., consulting engineer. 


HUNTINGTON, IND., is planning extensions 
and improvements in municipal electric light 
and power plant, with additional generating 
and accessory equipment. Additions will also 
be made in electrical distribution lines. Mayor 
C. W. H. Bangs is active in project. 


PREMIER BREWING Co., High Point, N. C., 
J. Berg Von Linde, president and general 
manager, recently organized with capital of 
about $400,000, plans construction of a 
power house in connection with new brewing 
plant on tract of about 15 acres of land on 
highway between High Point and Greens- 
boro, N. C., lately acquired. Brewery will 
consist of several units, equipped for initial 
capacity of about 50,000 barrels per year, and 
will cost over $150,000. Work scheduled 
to begin soon. Grattan Fox, president, High 
Point Paper Box Co., High Point, is in- 
terested in new company. 


PLATTE VALLEY PUBLIC POWER & IRRIGA- 
TION District, North Platte, Neb., Donald 
D. Price, chief engineer and business man- 
ager, is arranging plans for proposed trans- 
mission and distribution system in conjunc- 
tion with hydro-electric power and irrigation 
project now under way. 


It is planned to 








One-Cylinder Radial Turbine 


Compactness, short shaft, no gearing, good efficiency, simplicity are char- 


acteristics of this type of unit. 


This is a 750-kw. Siemens-Schuckert unit in 


which the turbine rotor is carried on an extension to the generator shaft. 
Steam flows radially through alternate concentric rings of stationary and 


moving blades. 
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build main transmission lines from generat- 
ing station, near Sutherland, Neb., to North 
Platte, Grand Island, Lincoln, Omaha, Sioux 
City, Columbus and neighboring points, oper- 
ating at 110,000 volts. The proposed system 
is estimated to cost about $1,500,000 addi- 
tional, compared with original estimates and 
PWA appropriation, and financing for this 
sum is now in progress through Federal aid. 
With the more extensive transmission system, 
it is proposed to increase initial capacity of 
the main hydro-electric generating plant. 
Parsons, Clapp, Brinckerhoff & Douglas, 142 
Maiden Lane, New York, N. Y., consulting 
engineers. 


Two OHIO MUNICIPALITIES, Niles and 
Harrison, are having surveys and estimates of 
cost made for proposed municipal electric 
light and power plants by Burns & McDon- 
nell Engineering Co., 107 West Linwood 
Blvd., Kansas City, Mo. Harrison also con- 
templates installation of distribution system. 
Projects scheduled to mature soon. 


KLAUER Mec. Co., Ninth St., Dubuque, 
Iowa, plans diesel plant for local sheet-metal 
stamping plant, estimated to cost about 
$40,000, with equipment. Surveys in prog- 
ress. 


STATE TEACHERS’ COLLEGE, Morehead, 
Ky., is planning construction of new electric 
light and power plant. Bids at early date. 
Estimated cost over $75,000, with equipment. 
Financing has been arranged through Fed- 
eral aid. 


WoobBINE, N. J., is arranging early spe- 
cial election to approve plans and financing 
for a new municipal electric light and 
power plant, with distribution system. Esti- 
mates of cost are being made. Mayor 
Nathaniel Rosenfeld is active in project. 


HARRISON, ARK., has plans nearing com- 
pletion for new municipal electric light and 
power plnat, estimated to cost $130,000, with 
distribution lines. Special election being ar- 
ranged to approve bonds, with call for bids 
to follow shortly. 


U. S. ENGINEER OFFICE, Kansas City, Mo., 
Missouri River Division, plans an appropria- 
tion of about $20,000,000 for construction 
work on Fort Peck, Mont., power dam and 
hydro-electric power plant project, during 
fiscal year June 30, 1935, to June 30, 1936. 
Up to the first date noted, an allotment of 
$25,000,000 has been available. During next 
year, work will include dredging operations 
for dam construction, estimated to cost 
$5,875,000; diversion tunnels, spillways and 
gates, and other work incidental to dam and 
power plant installation. Power-plant con- 
struction is estimated to cost about $1,000,- 
000. Maj. T. B. Larkin, district engineer, 
Fort Peck District, Fort Peck, Mont., in 
charge. 


Decatur, ALA., has engaged Francis & 
Haley, Brown-Marx Bldg., Birmingham, Ala., 
to prepare plans for municipal power sta- 
tion and electrical distribution system. Bids 
in near future. Appropriation of $350,000 
secured through Federal aid. 

STEEL & TuBEs, INC., 224 East 131st St., 
Cleveland, Ohio, is planning a 40,000-sq.ft. 
addition. This will be a single-story modern 
factory type, costing about $125,000, and will 
be used by the company in producing elec- 
trically welded steel tubing. 
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NEW BULLETINS 


Draft Gages—Hays ae ant P.O. Box 299, 
u 


Michigan City, Ind. “Bulletin 2018,” Hays 
“Draftrol” Electric Contact Gages for In- 
dicating and Controlling Draft, Pressure 
and “Differential Draft or Pressure.” 


Diesel Fuel—Two bulletins of Caterpillar 
Tractor Co., Peoria, Ill., “Fuels for the 
Caterpillar Diesel,” and Issue No. 100 of 
“The Dotted Line,” titled “What Oil Com- 
panies Say About Diesel Fuels.” 


Boiler Water Level Indicators—Yarnall- 
Waring Co., Chestnut Hill, Philadelphia, 
Pa. Supplement WG-1804 gives further 
information on Yarway Eye-Line Indicator 
(mentioned on last page of Catalog WG- 
1803) particularly useful for high boilers. 


Expansion Loops — Tube- Turns, Inc., 
Herald-Post Bldg., Louisville, Ky. Quick 
reference chart for designing expansion 
loops, using Tube-Turns and _ straight 
lengths of pipe or tubing. Wide range of 
temperature and pressure applications. 


Coal and Oil-Handling Equipment—cC. O. 
Bartlett & Snow Co., 6200 Harvard Ave., 
Cleveland, Ohio. 48-page Bulletin 73 gives 
layout drawings for coal- and ash-handling 
equipment to meet requirements of almost 
any industrial plant. 


Steel Floor Grids — Hendrick Mfg. Co., 
Carbondale, Pa. 20-page booklet, “Mitco 
Products,” describes open steel floorings, 
special treads and Armorgrids, particu- 
larly for power-plant use. 


Industrial Cable—General Electric Co., 
Schenectady, N. . 128-page large-size 
catalog GEA-1838, “Industrial Cable,” is a 
companion to Bulletin GEA-1837, and 80- 
page publication on how to select insulated 
cable. GEA-1838 describes and lists all 
standard types of insulated wire and cable 
for transmission, distribution and control, 
except paper-insulated types. 


Blowers — Roots-Connersville Blower 
Corp., Connersville, Ind. 8-page Bulletin 
22:23-B10 illustrates and describes stand- 
ard and heavy-duty type blowers, discuss- 
ing inherent characteristics and operating 
principles of rotary positive type, giving 
typical installations, sectionalized views, 
diagrams of driving arrangements and im- 
peller design suitable for 10 lb. gage in 
single stage and up to 20 Ib. compound 
arrangement. 


Are Welders—Lincoln Electric Co., Coit 
Road and Kirby Ave., Cleveland, Ohio. 
Welder Specification Bulletin No. 302, gen- 


eral classifications for d.c. motor-driven, 
Types SA300, SA400, SA600 _ portable 
welders. Two pages. 

Deaerating Heaters — Cochrane Corp., 
17th St. below Allegheny Ave., Philadel- 
phia, Pa. Bulletin No. 700 discusses de- 


aeration principles and equipment to pro- 
tect piping, economizers and boilers, and 
to give greater flexibility. 


Separators — Westfalia Separator Co., 
Inc., Bloomfield, N. J. Series of five new 
catalogs covering complete line of sepa- 
rators for both industrial and dairy fields. 
oe colors, with covers made like file 
oldaers, 


Steel Applications—Republic Steel Corp., 
Massillon, Ohio. 12-page rotogravure 
tabloid showing exhibits at Century of 
Progress Exposition in which Republic 
products were used. 


Boiler Scale Control—D. W. Haering & 
Co., Inc., 3408 West Monroe St., Chicago, 
Til. New bi-monthly house organ, “H-O-H 
News,” devoted to presentation of news 
and personnel items in scale and corrosion 
control and proportioning fields. 


Ventilating Equipment—ILG Electric 
Ventilating Co., 2850 North Crawford Ave., 
Chicago, Ill. Booklet C50 is new condensed 
catalog and handbook of ventilating, heat- 
ing, cooling and air-conditioning equip- 
ment. Made pocket size. 34 pages. 


Brewery Equipment—Worthington Pump 
& Machinery Corp., Worthington Ave., 
Harrison, N. J. 12-page bulletin WP-1069, 
“Worthington Equipment for Brewerles,” 
includes data on equipment for manufac- 
ture, refrigeration, power plant and water 
supply. 


Heating Specialties—The Bishop & Bab- 
cock Sales Co., 4901 Hamilton Ave., N.E., 
Cleveland, Ohio. 38-page Bulletin No. 10A, 
“Heating Specialties,” shows vacuum and 
vapor low-pressure heating specialties, sys- 


tem of automatic temperature control, 
squirrel-cage fans, air washers and unit 
heaters. 


112 





NEW PLANT CONSTRUCTION 


McGraw-Hill Business News Department Is Pre- 
pared to Furnish a More Complete Daily Service 


Florence—Municipality plans munici- 
To exceed $30,000. 


Tuscumbia — Municipality plans elec- 
To exceed $30,000. 


Ark., Harrison—City plans election to vote 


Ala., EF 
pal electric power plant. 


Ala., 
tric power plant. 


on bond issue for electric plant, oil engine 
equipment, $150,000. A. C. Moore, P. O. Box 
305, Joplin, Mo., engr. 


Ark., Pine Bluff—Arkansas Power & Light 
Co., Pine Bluff, plans constructing 2,200 mi. 
distribution line to provide electricity for farm 
communities. $3,000,000, depending on ability 
to obtain loan from Federal Govt. 


Ill., Galesburg—City plans furnishing diesel 
power and generating equipment for municipal 
power plant. $75,000-$100,000. Now propose 
use of old waterworks building for housing, 
or may build new building. Engineer not ap- 
pointed. 


Ind., Fort Wayne—City Light & Power Co. 
making plans light and power plant addition. 
$31,600. C. McAnless, city engr. 


Ia., Boone—Petition filed asking Council to 
eall election on proposal to construct steam- 
powered municipal light and power plant and 
distribution system. $800,000. 


Ia., Lamoni—Bids Feb. 18 (extended date), 
by City Council, general contract power house 
building and equipment, incl. cooling tower, oil 
tanks, 2 diesel engines and generators, auxil- 
iary equipment and piping, station wiring, 
switchboard and complete distribution system. 
$100,000. P.W.A. project. Young & Stanley, 
Inc., Muscatine, engrs. 


Ia., LaPorte City—Election Feb. 5, to vote 
on $100,000 bonds, for constructing municipal 
light and power plant. 


Ia., Waukon — Municipality plans electric 
power plant, probably diesel. Contractor to 
finance and be paid from earnings of plant. 


Kan., Burlington — City plans light plant, 
$145,000. Hearing in April by Supreme Court 
on private utility injunction. E. T. Archer & 
Co., 609 New England Bldg., Kansas City, Mo., 
eners. 


Mass., Boston—City, P. Buildings Dpt., 802 
City Hall Annex, filed bill in State House of 
Representatives to borrow $40,000,000 for elec- 
tric light plant. Maturity indefinite. Engineer 
not appointed. 


Mass., Fitchburg—City, R. E. Greenwood, 
mayor, City Hall, plans municipal light plant. 
Maturity indefinite. Engineer not appointed. 


Miss., Jackson — City defeated $1.500,000 
bond issue for power plant and distribution 
system. Project abandoned. 


Mo., Anderson—City voted $55,000, for con- 
structing hydro-electric dam and power plant. 
P.W.A. project. A. C. Moore, engr., Box 305, 
Joplin, prepared plans for same. 


Neb., Ord—City plans remodeling power plant 
and installing new diesel engines. Black & 
Veatch, 700 Mutual Bldg., Kansas City, Mo., 
engrs. 


N. J., Overbrook—Overbrook Hospital plans 
by Runyon & Carey, 31 Fulton St., Newark, 
electric power plant addition at hospital, incl. 
purchase of two 1,000 kw. steam turbo-gener- 


ators. $125,000. P.W.A. project. 
N. Y¥., Genesee—Bd. Village Trustees plans 
municipal light and power plant. $125,000. L. 


C. Reynolds, 387 Castle St., Geneva, engr. 


N. Y., Ogdensburg—City, R. J. Morisette, 
mayor, plans municipal light and power plant. 
Maturity soon. 


N. C., Charlotte—Hudson Silk Knitting Co., 
c/o M. E. Pierson, 712 North Brevard St., plans 
hosiery plant, incl. power plant on 8 acre site, 
near here. Site purchased. To exceed $300,000. 


0., Bellevue—City retained archt. and engr. 
R. Husselman, Hippodrome Bldg., Cleveland, to 


prepare survey for municipal light plant. 
$200,000. 

0., Cleveland — City plans application to 
P.W.A. for $3,000,000 loan to finance con- 


struction municipal electric light plant expan- 
sion, incl. power plant addition, new turbine 
and boiler room buildings, $450,000: turbine 
boiler and foundations, $33,000: 20,000 kw. 
turbo-generator, $350,000: condensers and 


equipment, $80,000; circulating water connec- 
tions, $25,000; switchboard and equipment, 
$105,000; relocate reactors and transformers, 
$110,000; boilers, superheaters, economizers, air 
preheaters, and fuel burning equipment, $440,- 
000; coal bunkers, trestle extension, conveyors, 
etc., $60,000; boiler feed pumps, chimney and 
auxiliary equipment, $32,000; piping, gages and 
meters, $125,000; engineering and contingencies 
(10%), $181,000; transmission system exten- 


sions, Union Ave. sub-station, $144,000; 
Euclid-E. 105th Dist. sub-station, $150,000; 
Collinwood sub-station enlargement, $70,000; 


Easterly sewage disposal plant service, $38,000; 
Western Ave. sub-station enlargement, $55,009; 
East 79th St. sub-station enlargement, $27,500; 
Mall lighting, $20,000; distribution extensions, 
conduits, manholes, underground lines, poles, 
fixtures, overhead lines, transformers, service 
connections and meters for approximately 5,040 
new consumers, $504,000. 


0., East Palestine—City, H. Lemle, dir. P. 
Serv., retained F. N. Straus, engr. and archt., 
2613 Queenston Rd., Cleveland, to prepare sur- 
vey for light plant improvements. 


0., Harrison—City reports in progress for 
power plant and distributing system. Burns & 
McDonnell Eng. Co., 107 West Linwood Blvd., 
Kansas City, Mo., ergrs. 


0., Niles—City reports in progress power 
plant. Burns & McDonnell Eng. Co., 107 West 
Linwood Blvd., Kansas City, Mo., engrs. 


Pa., Phila.—Philadelphia Electric Co., 1000 
Chestnut St., Phila., budget has provided $8,- 
800,000 for additions, extensions and_ better- 
ments to electric power plants, distribution sys- 
tem in Phila. and vicinity. 


Pa., Turtle Creek—Borough, J. G. McClin- 
tock, chn. Lighting Com., authorized to obtain 
sketches for municipal light and power plant. 
$100,000 or more. Maturity indefinite. 


R. L., Coventry—Interlaken Mills, 1101 Turks 
Head Bldg., Providence, plans power plant addi- 
tion and alterations. To exceed $28,500. John 
A. Stevens, Inc., 16 Shattuck St., Lowell, Mass., 
consult. engrs. 


Providence—City, S. F. Nolan, comr. 
P. Wks., City Hall, making plans municipal 
power plant. S. F. Nolan, engr. Maturity in- 
definite. Site not selected. 


Tenn., Chattanooga—Tennessee Electric Power 
Co. plans expending $1,300,000 during 1935 for 
improvements to distribution lines, transmission 
lines and power plants. 


Tex., Margaret—Place River Development 
Assn., c/o E. R. Brown, pres., Electra, revised 
report by J. E. Ward, Wichita Falls, Enegr., 
building rein.-con. power dam _ across’ Pease 
River, near here (Foard Co.). $3,360,000. 
P.W.A. application filed. 

Vt., Enosburg Falls—Town, plans _hydro- 
electric plant. Maturity indefinite. A. L. Nel- 
son, 31 St. James Ave., Boston, Mass., engr. 


Wash., Seattle—City plans waterworks better- 
ment program, incl. new dam and hydro-electric 
plant for up-river pumping station $623,573, 
south side pumping plant with connecting mains 
$288,115, replacing old mains $445,000. Total 
expenditure $1,356,689. City proposes to borrow 
money from Federal Govt. without interest and 
will make repayment at the rate of 5% a 


year. 

Wyo., Yellowstone Park — National Park 
Service, 409 Underwood Bldg., San Francisco, 
Calif., plans improving and expanding hydro- 


electric plant, at Mammouth Hot Springs, incl 

new units in present plant and new hydro- 
electric plant on Panther and Indian Creeks, 
eo 800 kw. $237,000 allotted by 


Ont., Kitchener — Ontario MHydro-Electric 
Comn., T. S. Lyon, chn., Toronto, preparing 
plans constructing experimental plant. $100,000. 


Ont., Schrieber—E. J. Sheehan, mayor, soon 
takes bids municipal lighting plant. $25,000. 


Armenia—Electric Trust, Soviet Govt., Mos- 
cow, or c/o Amtorg Trading Corp., 261 5th 
Ave., New York, constructing Sevan Hydro- 
Electric Cascade, consisting of 9 hydro-electric 
projects on Lake Sevan and Zangi River, to 
irrigate 80,000 hectores and supply power for 
chemical and rubber industries, construction 
to begin this year, by day labor. 


India—Government of Madras, bids in March 
for hydro development at Mettur, $6,000,000 
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DE LAVAL WORM GEARS 


175 gears running continuously day and night for 5 to 7 years, 
exposed to the grit, shock loads and lack of attention of 
cement mill operation is surely a rigorous test of reliability, 
but read what Supt. Reichenbach says: 
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Your speed transformer requirements may be 
even more exacting than those at Nazareth, 
but we are confident that we can satisfy you. 
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Peeking. 


9%4 ratio gear operating elevator; 
notice overhung sprocket 
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15‘ ratio gear driving screw conveyor 
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